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ABSTRACT  
 
Throughout history, coastal cities have been influential cities and attracted large population 
due to their rich resources, trade opportunities as well as eco-social and cultural transfer. Today, 
such a privilege has been put to question as coastal cities are facing high risk to be significantly 
damages if not swiped away as a result of Sea Level Rise (SLR) and floods resulting from the 
drastic climate change. As such, hundreds of millions of urban inhabitants in low and middle-
income nations are at risk from direct and indirect negative impacts of climate change. Moreover, 
climate change when left undealt with may contribute in forcing migration, conflicts, hunger and 
destroy infrastructure worldwide. Sad but true, Egypt is ranked third on the list of countries most 
affected by climate change. The effects will include temperature rise, change in rain patterns, rise 
of sea level, and increase in catastrophic weather events with all socio-economic consequences. 
Alexandria, the bride of the Mediterranean, is listed among the 15 of the world’s 20 coastal 
megacities that are at risk from SLR and coastal surges. However, such threats can be minimized 
through; ‘mitigation’ where the causes of climate change can be controlled and ‘adaptation’ where 
cities are protected from the negative impact.   
 
The objectives of this study is to uncover, examine and assess the negative impacts and 
threats of climate change on coastal cities and its built environment globally, in Egypt, and 
particularly in Alexandria; as well as the vulnerability of Alexandria’s residents and explore their 
level of awareness of the impacts of climate change on their city and lives; identifying the gaps in 
Egypt National Climate Change Strategy that triggers the sustainability of coastal city like 
Alexandria; explore design parameters that promote sustainable design for buildings in areas at 
high risk of SLR and floods; assess the perception and knowledge of architects, professionals and 
policy makers on issues related to climate change and buildings. In order to fulfill these objectives, 
an intensive literature study and hybrid methodology were undertaken. Two questionnaires where 
developed for Alexandria’s residents, and architects and engineers, one to one interviews with 
professionals, experts and governmental and NGOs representatives.  
 
The findings of this study reveal and confirm the high vulnerability of the residents in 
Alexandria due to the inefficient practices, weak and poor communication between the government 
and the residents for climate change threats. Also, the study pinpoint poor and limited knowledge 
for sustainable practices and designs that need to be can adapted to climatic threats like SLR and 
floods. Gaps in Egypt National Climate Change Strategy was identified which did not match plan 
for the ministries in which facing the challenges of SLR and floods for coastal cities are considered. 
Clear gap strategy related to the collaboration between the responsible bodies, and the barriers and 
seawalls, and the lack of awareness and poor sustainable design practices by the engineers and 
architects have all been documented. Looking forward, a recommended framework and design 
guideline based on mitigation and adaptation practices for buildings and city’s sustainability have 
to be established in lights of the findings of this work.  Such recommendations need to be 
transformed in the soon future into an action plan nationwide.  
 
 
Keywords: Climate Change, Coastal Cities, Impact, Alexandria, Sea Level Rise, Mitigation, 
Adaptation 
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CHAPTER 1: INTRODUCTION  
 
This chapter gives insight about the content, focus and expectation of this study, thus it 
serves as a pathway to the entire thesis. The chapter is divided into sections in the following order; 
section 1.1 gives an overview of the study background while sections 1.2, 1.3 and 1.4 highlight 
the study’s problem, the aim and objectives, and the study’s questions respectively.  The scope of 
the study is discussed in section 1.5, while the methodology, the study structure is covered in 
sections 1.6 and 1.7. 
1.1. BACKGROUND  
Cities are home to more than half of the world’s population and much of the world’s 
industry. All through history, influential cities were located near rivers and oceans for 
transportation and connectivity purposes. Coastal cities have always attracted humans because of 
their rich resources, as they offer access points to marine trade and transport which enrich the eco-
social and cultural transfer. Today, it is no longer an advantage as such cities are under high risk 
to be swiped out from the map because of the Sea Level Rise (SLR) due to the drastic climate 
change which has enormous impact on urban settlements all over the globe. By 2050, more than 
70% of the population; which is expected to be  6.4 billion, is projected to live in urban areas (UN, 
2014).  Clearly, climate change will have significant and severe impacts on human societies in 
several aspects both now and into the future (Alley et al., 2003; Schneider & Lane, 2006; Stern, 
2006). Hundreds of millions of urban inhabitants in low and middle-income nations are at risk 
from the direct and indirect impacts of climate change. Surprisingly, it may contribute in forcing 
migration, conflicts, hunger and destroy infrastructure across the world. 
 
The Intergovernmental Panel on Climate Change (IPCC) declared in 2001 that the latter 
part of the twentieth century, the earth’s average temperature rose 0.6° C, stating that projections 
for further increases in the twenty-first century vary considerably, from a minimum of 1.4°C to a 
maximum of 5.8°C. Accordingly, the change will be consequent accelerated by SLR (Michael, 
2007), that will be posing serious threat to low-lying coastal communities (S. Dasgupta, Laplante, 
Murray, & Wheeler, 2009). For this reason, the issue of rising sea-level has become very crucial 
 2 
 
where governments and environmentalists must work closely to ensure safe environmental 
conditions for coastal zones.  
 
However, the nations of the world do not stand equal in front this challenge. The global 
north is capable to deal with the consequences of climate change, far outstrip those of the global 
south. Despite the fact, developing countries do not have a history of large emissions of greenhouse 
gases produced from industrial activities, which indicates that they have not contributed 
significantly to the causes of climate change, some researchers disagree. They claim that there are 
several factors lead to high vulnerability of developing communities, among these; lack of relevant 
technical knowledge required in building design, materials and processes, developing world is at 
higher risk as most of the cities are not ready to adopt the climatic change impacts. In addition, the 
existing development challenges such as poverty, weak infrastructure, environmental degradation, 
and limited resources and capacity constraints. Hence, global south communities are the most 
vulnerable. The major hazards of the climate change are; urban flooding, sea level rise, heat stress, 
more frequent and stronger cyclones and storms and increased precipitation. 
 
Globally, around 360 million residents who are living in coastal areas where the lands are 
less than 10 meters above sea level, are vulnerable to flooding and storm surges (Moser & 
Satterthwaite, 2008). Despite these risks, many cities have not yet addressed climate change. The 
reasons include; “lack of city policies and action plans; existence of regulations on urban planning 
and environment which have not been adjusted to manage climate change; slow response to 
climate disasters due to lack of capacity and resources; and lack of public awareness on climate 
variability and climate change-induced hazard mitigation” (UNHABITAT, 2016). 
 
 Despite this unfortunate unfolding disaster,  small number of research data and activities 
are accessible on climate change baseline scenario, forecast, trends and magnitude of its impacts 
on the vulnerable coastal communities and specifically in the academia (Lami, 2014). Some of the 
researchers agreed that, carbon dioxide (CO2) dominates the greenhouse gas (GHG) emissions and 
it contributes with about 72% of all GHG emissions in 2016 (NCEI, 2017), for this reason, it is 
vital to have a deeper understanding on their sources (Lami, 2014). Other studies suggest that, 
buildings are the major sources of emissions, especially in the developing nations (Janda, 2011).  
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The substantial lack of relevant technical knowledge required in building design, material and 
processes, are the major reasons (Lami, 2014). 
 
Addressing the impacts of climate change in the country, it is important to mention that 
Egypt is ranked third on the list of countries that may have the worst effect of climate change 
(World Bank, 2009). The effects will include; higher temperature, change in rain patterns, rise of 
sea level, and increase in catastrophic weather events. The impact on Egyptian cities will be 
affecting human health, infrastructure and services, economic activities and social systems. The 
extent of these impacts will depend on the level of the city’s preparation, as well as on its ability 
to adopt both anticipated and unanticipated effects. As for many projected climatic studies, the 
major natural threats that are facing Egypt are; floods resulted from SLR and heat stress resulted 
from the greenhouse gases and other emissions. It has been mentioned in recent report by the 
UNDP that 3.3% of total land area of the Nile Delta, approximately 16 km2 of valuable cultivated 
land will be lost in the absence of adaptive action (UNDP, 2014).  Alexandria, one of the most 
significant Egyptian coastal cities,  is listed among the 15 of the world’s 20 coastal megacities that 
are at risk from SLR and coastal surges (World Bank, 2009).  
 
The threats can be minimized through; ‘mitigation’ where the causes of climate change can 
be controlled and ‘adaptation’ where cities are protected from the negative impact. Recently, 
researchers, and governments are investigating how cities and communities can mitigate and adapt 
to this drastic change. One of the fundamental requirements of buildings is the protection of the 
people who live and work within them from weather and provide comfort space. Understanding 
the climate and its changes shall support engineers to successfully design buildings, retrofit old 
and existing buildings, select material, and assist in policies formulation to control the drastic 
impacts of climate change on coastal cities and their communities. 
1.2. PROBLEM STATEMENT 
Alexandria and Delta regions are the most vulnerable regions to SLR. Alexandria, the 
second largest city after Cairo and one of the significant historical Egyptian cities, is listed among 
the global coastal megacities that will be affected by SLR. The impact of SLR will affect the 
sustainability of the city in terms of; socio-economic and environmental aspects. Based on the UN 
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Demographic projections, the population of Alexandria will grow by 67% to reach 6.5 million by 
2050 (Bigio, 2009). Such growth will be reflected on the urbanization of the surrounding areas and 
threaten natural resources.  Urban development plans along this coastal area face a lack of proper 
strategies and practices to deal with the impacts of SLR, specially floods which will increase the 
vulnerability of the population living there as well as the entire city’s built environment. 
1.3. RESEARCH AIM AND OBJECTIVES 
The main aim is to establish recommendations that can support in designing guideline to 
assist architects and engineers in designing sustainable buildings in coastal cities while 
considering climatic challenges at local level. In addition, provide policy makers with insight 
that reinforce Climate Change Strategy for the Building sector in Egypt.  
 
More specifically these research objectives are: 
 Identify the gaps in Egypt Climate Change Strategy that triggers the sustainability 
of coastal city like Alexandria 
 Uncover the negative impacts and threats of climate change on coastal cities and 
its built environment globally, in Egypt and particularly in Alexandria. 
 Identify the vulnerability of Alexandria’s residents and explore their level of 
awareness for the implications of climate change 
 Explore design parameters and enhanced materials that promote sustainable 
design for buildings in coastal cities particularly in one of the Egyptian coastal 
cities, Alexandria. 
 Assess the perception and knowledge of architects, professionals and policy 
makers on issues related to climate change and buildings that reflect on the 
sustainability of coastal cities  
 Establish a list of recommendation for design guide for coastal cities built 
environment and buildings in high risk coastal zone, like Alexandria.  
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1.4. RESEARCH QUESTIONS  
To meet the research’s aim and objectives the following questions will be addressed in 
order to synchronize and focus the study.  These questions are; 
1. What is the impact of the climate change on coastal cities’ buildings and built 
environment? 
2. What is the evidence of climate change in Egyptian coastal city like; Alexandria? 
How does it affect the city’s-built environment? 
3. What are the Egyptian government efforts to address climate change in coastal 
cities and their built environment? 
4. What are the gaps in the Egypt Climate Change Strategy?  
5. What design parameters and enhanced material that are required suiting the 
projected climate change in coastal city like Alexandria? 
6. What level of knowledge exists amongst design professionals and how they reflect 
their knowledge in their designs? 
7. What level of awareness exists amongst residents of Alexandria? 
1.5. SCOPE OF THE STUDY 
The study’s scope covers the Egyptian coastal city, Alexandria, with the key purpose of 
proposing a potentially sustainable design guide for the built environment, mainly new residential 
buildings. With the anticipation that, the proposed guideline will support professionals in 
designing sustainable coastal residential projects that have in its consideration climate change 
implications, specifically the SLR.  Moreover, the study will support policy makers with 
recommendations related to the adaptation and mitigation that can help in the implementation of 
Egypt Climate Change Strategy in more effective way. 
1.6. METHDOLOGY 
The adopted methodology is based on literature review, and practical work. An extensive 
literature review has been conducted on climate change and sustainability, with focus on its 
impacts on the built environment and buildings. Also, an intensive review on adaptation and 
mitigation strategies and practices have been covered to support in examining Egypt Climate 
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Change Strategy. The practical work includes; 2 questionnaires for different target groups; 
residents of Alexandria, and architects and engineers, as well as one to one interview with experts, 
governmental and NGOs representatives who are related to the topic. Chapter 5 gives detailed 
information on the undertaken work.  
1.7. THESIS STRUCTURE 
This thesis consists of nine chapters with each of these chapters supports in answering the 
thesis’s questions and fulfilling its objectives. The chapters are summarized below;  
Chapter 1 “Introduction”, which gives an insight into the study’s problem, questions, aim 
and objective, etc... in other words, all the entire work.  
Chapter 2 “Literature Review”, presents an extensive review of relevant literature that have 
been undertaken in the subject area of this research.  
Chapter 3 “Climate change Impacts on the Built Environment of the Coastal Cities”, this 
chapter is a continuation of the literature review that reflects significance of coastal cities, and 
develop the understanding towards the challenges of the city. Also, the effect of climate change 
on its built environment. Adaptation and mitigation as supportive tools are also discussed in the 
chapter. 
Chapter 4 “Research Context”, provides a brief about Egypt and its context in terms socio-
economic, environmental, expected climatic threats and the government’s response. 
Chapter 5 “Applied Research”, presents the methodological approach employed as well as 
explaining the method selected, sampling technique and how the data is analyzed. 
Chapter 6 “Case Study”, provides a detailed study on Alexandria, since it is the selected 
city and gives an overview about the challenges and threats the city is having due to the climate 
change, and the expected SLR. 
Chapter 7 “Key Findings”, presents the findings from the data collection and analysis 
including citations from the interviews 
Chapter 8 “Analysis and Discussion”, discussion of the findings and why they are relevant 
to the conducted work and the literature. 
Chapter 9 “Recommendations”, which draws together the conclusions from the study and 
explores to what extent the findings fulfilled its own aim and objectives as well as answered the 
questions, then suggesting recommendations. 
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CHAPTER 2: LITERATURE REVIEW 
 
This chapter reviews climate change by examining its causes and looking at its impacts on 
the globe. It gives an overview of the past efforts in the study of climate change and its relation to 
sea level rise (SLR) as well as their implications on buildings and cities’ sustainability. The chapter 
is further structured into sections. Section 2.1 gives an overview of the general knowledge and 
definitions on climate change, while section 2.2 presents the current debate on the causes behind 
the phenomenon. Section 2.3 gives evidence of climate change globally to prove its global impacts 
on different level. In section 2.4, global impacts of climate change in several sectors is discussed 
in brief to highlight the negative affect of the phenomenon; while in section 2.5 impact of climate 
change on development is addressed to provide a deeper look on how urgent the matter is.  
2.1 CLIMATE CHANGE: A GLOBAL CRISIS 
Climate change has emerged as one of the crucial issues of the early 21st century. It 
becomes a challenging and debatable topic on many political and economic agendas for being a 
threat to Earth’s ecosystem as well as the survival of societies. The impacts of climate change are 
mounting in intensity and frequency on a global scale, along with scientific consensus in which 
the increase of greenhouse gasses (GHG) and carbon dioxide (CO2) in the atmosphere caused by 
several factors where anthropogenic activities are the largest contributor. Unfortunately, these 
impacts are not only within the national boundaries but also on the globe. Researchers identify the 
occurrence of such change in the global climate back to the 1900s, and the ongoing increase of 
GHG emissions leading to the catastrophes associated with a changing climate (BROWN & 
BHATTI, 2003; Tompkins & Adger, 2004; Vijaya VenkataRaman, Iniyan, & Goic, 2012). For 
these reasons, international organizations and institutions have been spending tremendous effort 
to scientifically explain the phenomenon, its impacts, and reasons behind to take more serious 
steps in recent times because of its devastating effects on the environment and communities.  
The Intergovernmental Panel on Climate Change (IPCC) defines climate change as “a 
change in the state of the climate that can be identified (e.g. using statistical tests) by changes in 
the mean and/or the variability of its properties, and that persists for an expected period, typically 
decades or longer. It refers to any change in climate over time, whether due to natural variability 
or as a result of human activity” (IPCC, 2007). Another definition by the United Nations 
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Framework Convention on Climate Change (UNFCCC) “climate change relates to change of 
climate that is attributed directly or indirectly to human activity that changes the components of 
the global atmosphere and that is in addition to natural climate variability observed over similar 
time periods”(UNFCCC, 1992). The above two definitions agree that climate change is the rapid 
change of weather pattern caused by land use and land use changes leading to the increase in 
emissions in the atmosphere. In addition, natural and anthropogenic factors are mentioned as 
possible factors behind. The National Aeronautics and Space Administration (NASA) declared 
that the ongoing change happening to the climate affects the environment and paves a way to new 
geologic era, which some term the “Anthropocene” where the climate is very different than the 
one our ancestors know (NASA, 2017d). Hence, many researchers and environmentalists are 
investigating the major contributors behind the existence of climate change phenomenon as the 
recent records are alarming.  
2.2 CAUSES OF CLIMATE CHANGE 
The debate over the main causes of the increase in carbon dioxide (CO2), as one of the 
main GHGs is still going on. There are several arguments among whether it is caused as result of 
anthropogenic interference or by natural changes in the ecological systems or by both and whether 
this increase is really causing the climate to change or not (Lorenzoni, Nicholson-Cole, & 
Whitmarsh, 2007; Lowe, 2003). Based on the literature, there are three main strands where such 
debates are drilled. 
 The first argument suggests that climate change is a natural phenomenon where Earth’s 
climate has changed several times in response to natural causes over certain time scale (Karl, 
Melillo, & Peterson, 2009). The temperature of the Earth is determined by the balance between 
the energy coming from the sun in the form of visible radiation, and energy being emitted from 
the Earth to space in the form of infra-red radiation (Smith, 2005). The solar energy passes through 
the atmosphere with direct warming effect that warms up the Earth’s surface which later warms 
the atmosphere by convection and the emission of infrared radiation. Carbon dioxide, methane, 
water vapor, nitrous oxide and other GHGs absorb some of the outgoing radiation in the 
atmosphere. Each GHG has a different capacity to cause global warming, depending on its 
radiative properties, its molecular weight, its concentration and its residence time in the 
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atmosphere (Smith, 2005). CO2 is the most important greenhouse gas that has significant impact 
on the climate. These gases re-emit back to the Earth leading to the greenhouse effect, where the 
trapped energy concentrated in the atmosphere warms up the atmosphere and increases the Earth’s 
surface temperature as shown in Figure 2.1 (Ziervogel & Zermoglio, 2009). This increase in 
temperature is known as ‘global warming’. Without this natural greenhouse effect, Earth’s 
temperature would be over 33°C cooler than it is and would be too cold to be habitable (Smith, 
2005). He also stresses that the ongoing increase in GHGs concentration threat the future 
sustainability of the Earth.  
 
 
 
 
 
 
 
 
In this argument, the claim against human activities to be a major contributor to the increase 
of temperature is totally disputed. In its report, the Nongovernmental International Panel on 
Climate Change (NIPCC) declared there is no proof that supports IPCC`s claim that climate 
observations during the 20th century are either unprecedented or provide evidence of an 
anthropogenic effect on climate (Crag & S. Fred, 2009).  In the same report, NIPP explains the 
anthropogenic factors that may be affecting the atmosphere is substantial. Furthermore, David 
Henderson, a former head of the Economic Cooperation and Development (OECD), “the IPCC 
process is directed by non-scientists who have policy objectives and who believe that 
anthropogenic global warming is real and danger” (Henderson, 2007).  
 
Figure 2.1 Green House Effect (BBC,2017)  
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Conversely, climate change is believed to have been induced by anthropogenic activities, 
also known as ‘human activities’. The United Nation’s Framework Convention on Climate Change 
(UNFCCC) describes the climate change as “a change of climate that is attributed directly and 
indirectly to human activity that alters the comparable time periods” (UNFCCC, 1992).  Putting it 
differently, people are the major contributor to the change of CO2 through their irresponsible 
actions and consumption to cope with their luxurious lifestyle. These anthropogenic factors have 
direct and/or indirect impact on the environment. Researchers have identified some of them for 
instance; urbanization, transportation, land use, industrialization and the increase release of 
greenhouse gases from buildings (Atedhor, Odjubo, O., & Uriri, 2011; Hondula, Georgescu, & 
Balling, 2014; Younger, Morrow, Vindigni, & Dannenberg, 2008). These factors produce 
emissions which deplete the ozone layer, a main cause of global climate change. The 
anthropogenic emissions include; carbon dioxide (CO2), greenhouse gases (GHGs), nitrous oxide 
(N2O), methane (CH4), ozone (O3) and chlorofluorocarbons (CFCs) which have resulted to global 
climate change (Foster et al., 2007; IPCC, 2014). The anthropogenic activities have negative 
influence on both ecosystem and climate change as shown in Figure 2.2. The red arrows (1 and 2) 
present the direct impact of human activities on climate leading to climate change; and ecosystem 
which suffers from biodiversity loss. The blue arrows present the direct and indirect implications 
of these changes on the human later. For instance; arrows number 3 and 4, refer to the loss of the 
ecosystem services both in quality and quantity, and the direct and indirect impacts of climate 
change on human respectively, which will be discussed in Section 2.4.  
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Human activities and behaviours have impacted negatively on the climate and on ecosystems (represented by the red arrows). Changes in climate are 
known to be largely anthropogenic in origin, and stem from many different kinds of human activities (Walther et al., 2005, IPCC, 2007d). This means 
direct and indirect impacts of climate change on human societies are occurring (represented by blue arrow 4). The degradation of ecosystems and loss of 
biodiversity are also caused by numerous human activities (Wood et al., 2000). This results in the loss of ecosystem services, in terms of both quality and 
quantity (Díaz et al., 2006) (represented by blue arrow 3). The importance of these two interconnected sets of impacts is discussed in sections 1.4.1 and 
1.5.1. The feedback caused by human induced drivers of change between the climate and ecosystems amplifies in many instances the speed and scale 
of both climate change and biodiversity loss (illustrated by blue arrows 5 and 6) creating a self-reinforcing feedback loop (Bazzaz, 1990, Dembowski, 
2010, Rockstrom et al., 2009, Chapin et al., 2000, Lashof and DeAngelo, 1997, Gitay et al., 2002). 
 
FIGURE 1 DRIVERS AND RESULTS OF CHANGE.
Figure 2.2 Drivers and results of changes due to Anthropogenic Activities (Zaki, 2014)    
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Scientific evidence has proven that the industrial revolution and the booming movement of 
the built environment both contributed to the increase GHGs emissions which are primary 
composed of carbon dioxide. Since the industrial revolution, the CO2 concentration has radically 
increased due to the burning of fossil fuels (coal, oil, and natural gas). The IPCC uses 1750 as a 
pre-industrial baseline to show the changes in CO2 (IPCC, 2014). Historical records as shown in 
Figure 2.3 reflect that the CO2 has ranged between 172 and 300 ppm for the and the first time the 
CO2 exceeded 300 ppm was during the second industrial revolution in 1950 and now it surpassed 
400 ppm (Northon, 2017). This increase is synchronized with global warming and the current 
climate change trend (Luo & Mooney, 1999). 
 
The third argument believes that climate change is caused by both anthropogenic and 
natural factors (Biesbroek et al., 2010; IPCC, 2007; Odjugo, 2010; Stott, Stone, & Allen, 2004). 
Figure 2.4 explains how natural and anthropogenic factors combine to emit greenhouse gases into 
the atmosphere. Natural factors are classified into; a) astronomical factors which are related to 
Earth’s orbit, obliquity of ecliptic and orbital procession; and b) extraterrestrial factors which are 
related to solar radiation quantity and quality. While the anthropogenic factors are classified into; 
a) urbanization and burning of fossil fuel which are main activities of the ongoing increase in 
population and the rely on fossil fuel in industries; and b) deforestation, agriculture, air and water 
Figure 2.3 Change in the carbon dioxide in the atmosphere (NASA,2017) 
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pollution resulted by the excessive unsustainable use of resources which in return change in the 
balance of the ecosystem.  
Despite the arguments over the causes of climate change, environmentalists have identified 
major facts that are widely consistent; a) GHGs led by the increase in CO2 are responsible for the 
imbalance in Earth’s metabolic system. The accumulation of these gases cause an increase in the 
earth’s temperature, leading to global warming (Houghton et al., 2001; IPCC, 2007); b) global 
warming is observed in the last 100 years (IPCC, 2007; Northon, 2017) ; c) the climate is changing 
and cities are rapidly growing; hence governments shall ensure the resilience of their communities 
via mitigation and adaptation to climatic threats (IPCC, 2007; Lami, 2014). 
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Figure 2.4 Anthropogenic and Natural Factors and their implications on Climate Change(Lami, 
2014; Odjugo, 2010) 
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2.3 EVIDENCE OF CLIMATE CHANGE 
Evidence accumulates that the global climate is changing. global temperature rise, warming 
oceans, sea level rise, shrinking ice sheets, Declining Arctic sea ice, Glacial retreat, ocean 
acidification, and changes in storm intensities will put people’s lives at risk from drought, flooding, 
famine and disease (Hulme et al., 2002) which will be discussed later in Section 2.4. Researchers 
and organizations working in the area of climate change state some evidence of rapid climate 
change which are already noticeable. 
 
A) GLOBAL TEMPERATURE RISE 
Records taken from millions of individual thermometers in 6300 weather stations around 
the globe reflect that since 1850, the average surface temperature has risen by 0.6°C till the 
beginning of the twentieth century where a change was driven largely by the increase of carbon 
dioxide and other emissions into the atmosphere , with about 0.4°C of this warming occurring 
since the 1970s (Hulme et al., 2002). Since then, the average surface temperature has been 
increasing uninterruptedly. In its recent report, the National Centers for Environmental 
Information declares; “the average global temperature across land and ocean surface areas for 2016 
was 0.94°C above the 20th century average of 13.9°C, and surpassing the previous record warmth 
of 2015 by 0.04°C” (NCEI, 2017). NASA's Goddard Institute for Space Studies revealed that 2016 
was the third year in a row with record high surface temperature, and the warmest year on record 
(Northon, 2017).  
B) SEA LEVEL RISE (SLR) 
As explained in IPCC report, thermal expansion of oceans and the loss of land-based ice 
due to the increase of melting, are both major causes for the phenomenon (Bindoff et al., 2007). It 
also identifies that the rate of sea level rise has increased between the mid-19th and the mid-20th 
centuries to reach to 17 cm (Bindoff et al., 2007). The sea level change is non-uniform and the 
rates are up to several times the global mean rise, while in other regions the sea level is falling as 
shown in Figure 2.5 (AlRustamani, 2014; Bindoff et al., 2007) because of local terrain, local 
hydrological factors, and oceanic currents, among other regional factors (Fowler, 2016). Future 
projections, impacts and actions are to be discussed in Chapter 3 as it is the focus of this research.  
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C) WARMING OCEANS 
The oceans have absorbed much of this increased heat. Globally, sea surface temperature 
has increased by 0.7°C over the last 100 years (Bindoff et al., 2007) resulting in shifts in current 
strength and direction, ocean stratification and nutrient inputs which decreased ocean productivity, 
reduced abundance of habitatforming speacies, and greater incidence of disease (Hoegh-Guldberg 
& Bruno, 2010).  
 
D) SHRINKING ICE SHEETS 
Earth’s two largest ice masses, Greenland and Antarctic have witnessed a decrease in their 
masses since 2002. According to the data from NASA’s Gravity Recovery and Climate 
Experiment show Greenland masses decline approximately by 280 gigatones of ice per year, 
causing a global sea level rise by 0.03 inches per year (NASA, 2017c). While, Antarcatic shed 
approximetly 125 gigatons of ice per year, causing global sea level to rise by 0.013 inches per year 
(NASA, 2017a). 
 
 
Figure 2.5: 2014 Sea level compared to the mean sea level from 1993-2013 
(National Oceanic and Atmospheric Administration, 2016) 
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E) DECLINING ARCTIC SEA ICE 
NASA declared that since 1970, the Arctic sea ice reaches is declining at a rate of 13.3% 
per decade relative to 1981 to 2010 average (NASA, 2017b). The sea ice cover of the Arctic Ocean 
and surrounding seas helps in regulating the temperature, influences the circulation of the 
atmosphere and ocean, and impacts the Arctic communities and ecosystems. The decline is likely 
to affect future temperatures in the region because it reflects much of the sun’s radiation back into 
space whereas the dark ocean absorbs more of the sun’s energy. When the sea ice melts, fraction 
of the energy will be reflected away from the planet (NASA, 2017b). 
 
F) GLACIAL RETREAT 
 Climate controls the glaciers behavior and any change in climate is reflected in the 
glaciers. Hence, the glaciers are the visible indicator of climate change. Their response to changes 
in snowfall and air temperature are retreating almost everywhere around the world – including in 
the Alps, Himalayas, Andes, Rockies, Alaska and Africa (Buis,2013). For instance, future 
projections predict the last ice of glaciers on Mount Kilimanjaro in Tanzania, is likely melt before 
2020 (Thompson et al., 2002). Having said that the accelerated melting of glaciers will alter the 
hydrology of many rivers (Jeelani, Feddema, van der Veen, & Stearns, 2012).  
 
G) OCEAN ACIDIFICATION 
Ocean acidification has a potential effect on the marine biogeochemical and ecological 
processes which may cause biodiversity loss, alter ecosystem and lead to food insecurity. 
Researchers claim that the increase of anthropogenic CO2 is major reason behind the increase of 
the amount of concentrated CO2 in the ocean water (Stark, 2010). Approximately one third of the 
CO2 produced will be sequestered in the oceans ata rate of 22 million tons per day (IPCC, 2007). 
The increase of CO2 in the ocean is followed by decrease in the carbonate ion concerntration, ocean 
pH, and saturation states of biologically important calcium carbonate minerals leading to increase 
in the acidity. Historical records have documented the acidity of ocean waters to be increased by 
30% since the beginning of the Industrial Revolution (NASA, 2017b). 
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2.4 GLOBAL IMPACT OF CLIMATE CHANGE 
The previous overwhelming evidence is suggesting that Earth will experience substantial 
change that will lead to “increased occurrence and severity of climate related disasters” (Nel & 
Righarts, 2008) and will leave drastic impact on human’s life over the twenty first century. The 
GHGs will be doubled within the next 20-50 years, causing an increase in temperature. This 
increase will range from moderate to catastrophic scenarios of global warming could have severe 
impacts on natural and human systems (Otto-Zimmermann, 2011).  The impacts of climate change 
are distributed very unevenly as it disproportionately affects poor communities in developing 
countries, who have generally contributed the least to human-induced climate change compared to 
industrial ones (OHCHR, 2009). The IPCC has highlighted that a number of regions will be 
particularly exposed to climate change, including “the Arctic, Africa, small islands, and densely 
populated coastal “mega-deltas” in Asia and Africa such as the Nile, Ganges-Brahmaputra and 
Mekong, where tens of millions will be at increased risk of acute flood and storm damage, chronic 
coastal flooding and loss of coastal wetlands” (Evans, 2011; IPCC, 2007).  
2.4.1 CLIMATE CHANGE AND EXTREME EVENTS 
A recent debate between researchers about whether climate change is responsible of the 
recent extreme events happening in the last 20 years. Some researchers claim that “changes in the 
global climate exacerbate climate hazards and amplify the risk of extreme weather disasters” 
(Richards & Bradshaw, 2017). On the other hand, if climate change may not be responsible for 
recent natural hazards then, it is very likely that it will affect future catastrophes (Reibeek, 2005). 
According to the International Panel on Climate Change (IPCC), the increase of greenhouse gases 
in the atmosphere probably boosts temperatures over most land surfaces and it will vary from 
region to another. The resulting change in the climate not only is expected to increase the 
temperature but it will change the rainfall patterns over the next century that will significantly 
affect human livelihoods (Schipper & Pelling, 2006). Scholars claim that “outcomes from the 
increase of global temperatures include increased risk of drought and intensity of storms, including 
tropical cyclones with higher wind speeds, and more intense mid-latitude storms” (Reibeek, 2005). 
Nevertheless, vulnerability to these disasters is also increasing, especially among developing 
nations, due to the increase of poverty, population, armed conflict and other underlying 
development issues (Schipper & Pelling, 2006). 
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Over the last 20 years, 90% of the natural hazards have been caused by floods, storms and 
heatwaves where in total 6,457 were recorded worldwide which claimed a total of 606,000 lives 
and affected more than 4 billion people (UNISDR, 2015). Hazards are classified according to their 
type that provokes them. Hence, natural hazards are defined as “severe and extreme weather and 
climate events that occur naturally in all parts of the world”(UNISDR, 2017) such as; earthquakes, 
floods, tsunamis etc., which can turn into a drastic disaster if the community is inadequately  
resilient to them. Figure 2.6 shows the number of natural hazards had taken place from the 1995 
till 2015. It is observed that 2000 had witnessed the highest number of natural hazards that reached 
to 526 events all over the year.   
 
There are six types of natural hazards threatening global communities which are affected 
from the accumulation of climate change, these are ; 1) flood, 2) drought, 3) storm, 4) extreme 
temperature, 5) landslide, and 6) wildfire (UNISDR, 2015). Table 2. 1 represents the number, and 
percentage of the six types that had affected global communities between 1995 and 2015. As 
presented, flood accounts the highest in number of events (43%) among other related hazards, 
while less frequent than floods are storms which accounts 28%. 
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Figure 2.6 Number of Natural Hazards from 1995-2015 (Roser & Ritchie, 2017) 
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The human cost in these events depends on several factors such as; the type of hazard, its 
location, duration and the size and vulnerability of the population in harm’s way. The Centre for 
Research on the Epidemiology of Disasters records economic impacts including; homes and 
infrastructure damaged, repairs, rehabilitation and rebuilding expenditure, and other factors that 
must be considered when analyzing the overall resulted socio-economic burden. Uncovering the 
human cost, Table 2.2 gives the percentage and number of people who were badly affected by the 
available statistics of the top 5 disasters; flood, drought, storms, extreme temperature and landslide 
ad wildfire. Being the highest in the events, almost 2.3 billion people were badly affected by floods, 
1.1 billion affected by droughts, and 660 million affected by storms between the years 1995-2015. 
These people have lost their assets and had to resettle in other places.  
 
 
 
 
 
 
 
Table 2. 1 Percentage and Number of occurrences of natural hazards between 1995-2015 
(UNISDR, 2015) 
Type Number of Events % of Events 
Flood 3,064 43 
Storm 2,018 28 
Extreme 
Temperature 
405 6 
Landslide 387 5 
Wildfire 251 4 
Drought 334 5 
Table 2.2 Numbers of people affected by natural hazards (1995-2015)- 
(UNISDR, 2015) 
Type Number of 
affected people 
% of affected 
people 
Flood  2.3 billion 56% 
Drought 1.1 billion 26% 
Storm 660 million 16% 
Extreme 
Temperature 
94 million 2% 
Landslide and 
Wildfire 
8 million <1 % 
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Death tolls have also risen in developing and developed countries. Table 2.3, presents the 
number and percentage of persons who were killed, where storms are the deadliest while the least 
are, landslide and wildfire. Though 2,018 storms recorded incidents happened, storms account the 
highest in the number of dead people. Storms, including hurricanes, cyclones and storm surges 
killed more than 242,000 individuals between 1995 and 2015. UNISDR stated; “93% of all 
reported storms, are in high and upper middle-income nations” (UNISDR, 2015) . Surprisingly, 
89% of all storm deaths where in lower middle-income countries, even though these countries 
experienced 26% of the events. As for floods, “The nature of disastrous floods has also changed 
in recent years, with flash floods, acute riverine and coastal flooding increasingly frequent” 
(UNISDR, 2017) 
 
 
 
 
 
 
2.4.2 CLIMATE CHANGE AND ITS IMPACTS ON SOCIOECONOMIC 
AND ENVIRONMENTAL ASPECTS  
The climate change is also believed to have vulnerable effect on several sectors grouped 
into six categories by IPCC. These categories are; ecosystems and biodiversity, health, food 
security (agriculture, livestock, fisheries), water resources (flooding and water quality), coastal 
areas, and industry, infrastructure and settlements (IPCC, 2007). The heat waves, floods, droughts, 
sea level rise, and other natural phenomena will pose direct and indirect threats to the right of life. 
For instance, due to the increase of temperature, several changes will occur; large areas will 
become drier and it is expected to increase from 2% to 10% by 2050 (Brown, 2008). Moreover, 
evaporation will increase which will increase the average global precipitation. The Peace Research 
Institute Oslo, emphasized “three physical developments associated with climate change that 
Table 2.3 Number and percentage of persons who were killed (1995-2015)- 
(UNISDR, 2015) 
 
 
Type Number of dead 
people 
% of dead people 
Storm 242,000 40% 
Extreme 
Temperature 
164,000 27% 
Flood 157,000 26% 
Drought 22,000 4% 
Landslide 
and Wildfire 
20,000 3% 
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potentially harmful to security and peace which are; decline in agricultural productivity, increase 
in frequency and intensity of natural disasters, and rising sea levels” (PRIO, 2012). The reduced 
freshwater availability will expose hundreds of millions of people to water stress, decrease crop 
yields and correspondingly will expose hundreds of millions more people to the risk of hunger 
(IPCC, 2007).  
 
Climate change and resultant resources scarcity will have direct impact on both migration 
and political violence (Salehyan, 2008).  As a result of long term trends such as; desertification, 
sea level rise, along with the increased frequency and severity of short term natural disasters such 
as floods, economies will be disrupted, reducing the availability of supply of natural resources 
which will in return generate mass migration out of the affected area. Future projections predict 
that there is a possibility of 150 million environmental refugees by the year 2050 (N. Myers, 2002) 
who will suffer starvation, water shortage and homelessness (IPCC, 2007; Otto-Zimmermann, 
2011; Wilson & Piper, 2010). Accordingly, communities will endure food and water insecurity, 
poverty, health and self-determination. Clearly, population movement will occur “in developing 
countries where infrastructure is lacking and agricultural economies are most sensitive to 
environmental stress” (Salehyan, 2008) where these regions will be less viable places to live due 
to either; the shortage of resources like; water and food supplies, or seeking shelter to escape the 
increase of frequent and severe floods and storms. While developed countries will erect physical 
and virtual barriers to entry in order to protect their resources. 
 Scholars predict that wars will be fueled over dwindling food and water resources. In 
addition, policy activists underscore the urgent need to take global action on climate change 
continue to make dire predictions about “resource wars”. Therefore, it could safely be inferred that 
climate change poses a very serious challenge to the right to life and health.  Its impacts and risks 
pose severe threat to cities; reputations and their ability to meet their vision of growth and 
economic development in vital sectors (AlRustamani, 2014). Table 2. 4, gives an overview on 
several impacts on different sectors, and their reasons related to the climate change.  
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Table 2. 4 Global Impacts of Climate Change (Agrawala et al., 2004; EPA, 2016; IPCC, 2007; NCEAS, 2017; Zakaria, 2015) 
 
Sector 
 
 
Phenomena 
 
Reasons related to climate change 
 
E
co
sy
st
em
s 
an
d
 b
io
d
iv
er
si
ty
 Risk of species’ extinction 
 
 
Global warming, floods, drought, SLR and ocean 
acidification Negative consequences for ecosystem goods 
and biodiversity 
 
Migration of species in order to survive   
 
 
SLR and global warming 
Isolated patches of ecosystem habitat  
 
Negatively affecting the fertility of marines’ 
species  
 
Ocean acidification, extreme weather, and global warming
  
 
 
H
ea
lt
h
 
Wide spread of heat related illnesses and death Increase of temperature, precipitation patterns and SLR 
Enhancing the spread of some diseases  Extreme weather occurrences, change in temperature, 
floods and droughts 
Increase the rate of malnutrition  
 
Droughts, floods and extreme weather 
Concentration of unhealthy air and water 
pollution  
 
Increased salinization of groundwater supply 
 
F
o
o
d
 S
ec
u
ri
ty
 
A
g
ri
cu
lt
u
re
 
Shift in climatic and agricultural zones  
 
 
 
 
 
 
 
 
 
Severity of droughts, floods, increase of temperature, soil 
and water salinity 
Losses in crop productivity.  
 
Reduction of cultivated land  Run off precipitation, SLR and global warming 
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Increase in the desertification phenomenon 
 
Increase of temperature and droughts 
L
iv
es
to
ck
 
 
Negatively affecting the health and productivity 
of animals.  
 
Increase in temperature   
F
is
h
er
ie
s Change in fisheries catch and negatively 
affecting fish population and species leading to 
uncertainty in future supply of fishmeal and 
oils.  
 
Increase sea temperature, SLR, extreme storm occurrences 
and water salinity   
 
W
at
er
 R
es
o
u
rc
es
 
Water insecurity   
 
Global warming, floods and droughts 
Negatively affect physical, chemical and 
biological properties of freshwater  
 
SLR, extreme weather occurrence and salt water intrusion 
Melting glaciers  
 
Global warming and floods 
Creating dead zones in deep lakes and oceans 
 
Ocean acidification 
 
C
o
as
ta
l 
A
re
as
 
Coastal erosion 
 
SLR  
Negatively affecting shoreline  
 
SLR, floods, storms and extreme weather occurrence 
Changes in marine ecosystem  
 
Increase in water temperature and SLR 
Coral bleaching  
 
Sea acidification 
Salt water intrusion  
 
  
 
SLR 
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In
d
u
st
ry
, 
in
fr
as
tr
u
ct
u
re
 a
n
d
 s
et
tl
em
en
ts
 I
n
d
u
st
ry
 
Negatively affecting the sensitive inputs for raw 
materials used in food processing 
 
Extreme weather occurrence  
 
Weather related transportation accidents  
 
Extreme weather occurrence, storms and floods 
 
Limited access to different resources 
 
Droughts, floods and SLR 
Negatively affecting the development of 
energy, food and investment sectors 
Extreme weather occurrence, global warming, storms and 
SLR 
In
fr
a
st
ru
ct
u
r
e
 Inundation of coastal transportation   
SLR and extreme weather occurrence 
 Costly adjustment in harbor and port facilities 
to accommodate tidal in- creases 
Excessive expansion of bridge component Extreme weather, heat stresses and heat waves 
Deterioration of roads and pavement surfaces Storms, SLR and floods  
H
u
m
a
n
 S
et
tl
em
en
t 
Negatively affecting some assets and 
population in areas like; coastal zones, slopes 
and other risk prone regions 
Storms, floods, droughts, and SLR 
Increase demographic displacement and 
migration 
SLR and extreme weather occurrences 
Increase the high unemployment and poverty 
rates specially in developing countries 
SLR and global warming 
Negatively affecting the sources of energy in 
developing countries  
Drought, flood, extreme weather occurrences 
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2.5 CLIMATE CHANGE AND SUSTAINABLE 
DEVELOPMENT 
Climate change presents a new type of challenge for development. It is widely considered 
as an obstacle that hinders global development efforts (Brooks, Grist, & Brown, 2009) that started 
in 1950s and 1960s when developed countries were becoming more aware about the rapid 
industrialization and its impact on regional environment (Ashford & Hall, 2011). In early 1970s, 
awareness on topics like; ecosystem integrity, biological diversity, human health, and ecological 
and resource limits to growth were on the agenda of international development organizations 
(Ashford & Hall, 2011). International communities began to be aware of pollution, greenhouse gas 
emissions and ozone depletion. However, it was not until the end of 1980s, and during the 
Brundtland Commission when the term “sustainable development” was coined and defined as; 
“development that meets the needs of the present without compromising the ability of future 
generations to meet their own needs” (WCED, 1987).  
 
The World Business Council for Sustainable Development, continues: “Given the scale of 
world poverty today, the challenge of meeting present needs is urgent. But we must look ahead 
and do our utmost to ensure that what we do today for our ever-growing population does not 
compromise the environmental, social and human needs of our descendants” (WBCSD, 2017). In 
other word, sustainable development is a deliberate effort geared towards the enhancement of 
livelihoods, raising the standards for socio- economic productivity, without degrading the natural 
environment for current and future generations. The given definition of sustainable development 
reflects two key concepts; a) the needs of people, especially the poor as they suffer, so they should 
be given a priority, and b) state of self-obligation towards present and future generations while 
using natural resources to meet their needs in all the aspects of life. Thus, sustainable development 
can be defined as; the nexus of wealth generation, economy, equity, environmental degradation, 
well-being, culture, urbanization, local and global governance as shown Figure 2.7.  It attempts to 
balance the three pillars of sustainability; economic, social and environmental with human needs, 
economic growth and resources limitation. 
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As a result of these global threats which will be severely affecting Earth, “climate change 
has been seen as at the heart of sustainable development” (Pachauri, 2005), as there is a growing 
need to reduce current and future climatic threats to ensure cities’ sustainability.  
When applied to cities, sustainability has two main goals; “to have healthy, enjoyable and 
resilient places to live and work meeting the need of the present, and ensure that the draw of 
populations’ consumption and enterprises’ production on local, regional and global resources and 
sinks is not disproportioned” (AlRustamani, 2014). The notion of sustainability becomes a 
powerful tool to draw responsive framework that can develop solutions to improve quality of life; 
socially, economically, and environmentally and at the same time increase cities’ resilience. 
Hence, applying the notion of sustainable development through sustainable practices and 
applications is the most suitable tool to respond to the impacts of climate change (Heberle & Opp, 
2008), especially that reducing greenhouse gas emissions and decreasing vulnerability through 
increasing resilience lies within the sustainable options (IPCC, 2007).  At the same time, adopting 
Environmental
- Marine, air and soil pollution
-Noise, vibrations & biodiversity
-Air emissions/GHGs
-Climate change impacts/resilience
-Resource depletion
-Landuse
Economics
- Efficency & Productivity
- Energy Efficency 
-Employment & revenue 
generation 
- Access, connectivity and trade 
competitiveness
- Infrastructure 
Development/Congestion
Social
-Safety
-Labour conditions
-Health
-Community involvement
-Social inclusion
-Equity and faireness 
Sustainability 
 
 
Sustainability 
 
Figure 2.7 The 3 Pillars of Sustainable Development 
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sustainable strategies in the design of the built environment will serve as a key factor allowing the 
management of available resources in reducing the effects of climate change (Akadiri, Chinyio, & 
Olomolaiye, 2012). In addition, researchers emphasized the need to integrate adaptation and 
mitigation measures to increase the cities’ resilience (AlRustamani, 2014).  
2.6 GLOBAL EFFORTS ADDRESSING CLIMATE CHANGE 
A turning point in getting climate change on the international politics agenda was first 
made by the Brundtland commission where the globe was introduced to the term ‘sustainable 
development’ in 1987. In the following year, the Intergovernmental Panel on Climate Change 
(IPCC) was established by the United Nations Environment Programme (UNEP) and the World 
Meteorological Organization (WMO) to assess the science related to climate change and provide 
policymakers with regular assessments of the scientific basis of climate change, its impacts and 
future risks, and options for mitigation and adaptation (IPCC, 1990). Institutional actors play a 
significant role in the formation of international climate change politics as it has been accepted as 
major threat to society with the adaptation of the United Nation Framework Convention on Climate 
Change in 1992 (UNFCCC, 1992) 
A) UNITED NATIONS FRAMEWORK CONVENTION ON CLIMATE 
CHANGE 
In respect to the growing concerns and the accumulating evidence of the impacts of climate 
change, the UN Summit on Environment and development declared the United Nations 
Framework Convention on Climate Change (UNFCCC) in 1992, as a framework for international 
cooperation to address climate change by limiting average global temperature increases minimize 
the human’s impact on climate and cope with the impacts. It acts as the international climate 
change regimes central institution. The main objective of the convention is to preserve and stabilize 
GHG concentrations, “The ultimate objective of this Convention and any related legal instruments 
that the Conference of the Parties may adopt is to achieve, in accordance with the relevant 
provisions of the Convention, stabilization of greenhouse gas concentrations in the atmosphere at 
a level that would prevent dangerous anthropogenic interference with the climate system. Such a 
level should be achieved within a timeframe sufficient to allow ecosystems to adapt naturally 
climate change, to ensure that food production is not threatened and to enable economic 
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development to proceed in a sustainable manner” (UNFCCC, 1992). In this system, only political 
pressure assures a country to negotiate or to bound by an agreement and consequently agree with 
its commitment (AlRustamani, 2014). In order to meet the objective, the convention sets serious 
of commitments such as; a) periodically reviewing the objective of the treaty, b) revealing new 
scientific findings, c) and the effectiveness of the national climate change programs. As a 
framework treaty, the convention establishes the concrete measures whereby national policies 
should be implemented, was left to national decision makers (AlRustamani, 2014). 
B) THE KYOTO PROTOCOL  
In 1997, the Kyoto Protocol was adopted, and added new commitments for developed 
countries. It operationalizes the Convention by obligating the industrialized countries to limit and 
reduce GHG emissions. In the Convention, industrialized countries were asked to adopt policies 
and measures on mitigation and to report periodically. However, in the Kyoto Protocol a heavier 
burden as it sets emission reduction targets. There are two essential elements for the Kyoto 
Protocol; 1) binding emission reduction commitments for developed countries, and 2) introducing 
and establishing flexible market mechanisms such as; trade of emissions, joint implementation, 
and clean development mechanisms.   
C) THE PARIS CLIMATE AGREEMENT  
The Paris Climate Agreement was adopted in 2015, and it provides further and more 
concrete efforts to obligate governments to reduce, prevent and control GHG emissions in their 
homeland. The agreement not only builds up on the UNFCCC and the Kyoto Protocol, but also 
provides some fundamental amendments of the basic UN climate policies. Countries are obliged 
to determine their own mitigation contribution. The agreement boosts the implementation of the 
Convention including its objective, aims to strengthen the global response to the threat of climate 
change including by, “holding the increase in the global average temperature to well below 2°C 
above pre-industrial levels and to pursue efforts to limit the temperature increase to 1.5°C above 
pre-industrial levels”(UN, 2015). Meeting this target, each individual party to the agreement must 
develop his own national determined contribution to ensure the limitation of national emissions in 
general if the target itself is not achieved. 
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CHAPTER 3: CLIMATE CHANGE IMPACTS ON THE 
BUILT ENVIRONMENT OF THE COASTAL CITIES 
 
Since the scope of this thesis is on the built environment, this section will explore briefly 
climate change impacts on the built environment in coastal cities. It is essential to give an overview 
about the features of coastal cities in order to understand its significance and structure. Section 3.1 
presents the important features of the built environment of coastal cities. Since the study is focusing 
on climate change and its direct and indirect impacts on coastal cities’ sustainability, section 3.2 
introduces Sea Level Rise (SLR) as one of the major climatic threats on the coastal cities and its 
built environment. Section 3.3 briefly provides information on the international responses 
addressing climate change through mitigation and adaptation policies and measures. Finally, 
section 3.4 illustrates innovative and sustainable practices for mitigation and adaptation to reduce 
the negative impacts of SLR in some of the coastal cities.  
3.1 COASTAL CITIES AND ITS BUILT ENVIRONMENT: 
OVERVIEW 
Coastal cities are unique for its diverse environments. They have always attracted humans 
because of their rich resources, as they offer access points to marine trade and transport which 
enrich the eco-social and cultural transfer. Today, this natural geographic is no longer an advantage 
as it increases the vulnerability of the cities to SLR, floods, and wind storms in terms of frequency 
and severity. It is important to acknowledge that the effect of global warming and the increase of 
sea level will not affect only the coastal environment, but also it will affect the communities living 
along.  Around 360 million resident live in coastal areas less than 10m above the sea level (World 
Bank, 2010) are highly vulnerable to extreme events that threaten their life.  Many coastal cities 
are under this threat such as; Bay of Bengal where 7 to 11 million are subjected to be climate 
refugees if only the sea level rise reaches 40 cm; 20 cm will cause 740,000 people in Nigeria to 
lose their homes; 17% of Bangladesh’s the population (Bryman, 2008; IPCC, 2000).  
As the global warming increases, it is assumed that the SLR will rise between 7 and 36 cm 
by 2050, and by 9 and 69 cm by 2080 (World Bank, 2010). This increase will affect 15 of the 
world’s 20 megacities, in which they are labeled as cities at high risk from SLR and coastal surges. 
Figure 3. 1 illustrates these mega cities, and the affected population in low elevation coastal zones. 
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Also, cities in low elevation coastal zones will face the mutual threats; SLR and storm surges and 
they are expected to experience an increase in the frequency of existing climate related hazards 
such as flooding (World Bank, 2011). Obviously, climate change will have significant and severe 
impacts on human societies in several aspects both now and into the future (Alley et al., 2003; 
Schneider & Lane, 2006; Stern, 2006). Hundreds of millions of urban inhabitants in low and 
middle-income nations are at risk from the direct and indirect impacts of climate change. 
Surprisingly, it may contribute in forcing migration, conflicts, hunger and destroy infrastructure 
across the world. 
 
Figure 3. 1 Mega Cities with affected population in low elevation coastal zone (World 
Bank, 2011) 
 
Coastal cities’ construction and management of buildings, roads, power and 
telecommunication transmission lines, drainage and sewerage and waste management are very 
difficult and vulnerable to climate change disasters. For this reason, it is vital to give attention to 
coastal city’s built environment since it will be drastically affected by any change in the climate. 
The concept of the built environment has recently been introduced by social scientists. The built 
environment includes all non-natural surroundings for instance; buildings and infrastructure stocks 
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that constitute the physical, natural, economic, social and cultural capital. Similarly, the built 
environment consists of “network of interlocking infrastructure of energy supply, sewage, 
telecommunications, transport, water and waste management” (Ekins & Lees, 2008). Other studies 
identify the built environment as the significant part of the man-made environment that 
accommodates his activities, and mediates the overall environment into sustainable livable setting 
to fulfill human purposes (Aluko, 2011). Many of the researchers and environmentalists, agree on 
the most vulnerable infrastructures to climate change are; ecosystems, biodiversity, agriculture and 
forestry, water resources, coastal zones, marine resources and fisheries (Jol, 2013). Others add 
tourism, energy, built environment, infrastructure, human health, land management, regional 
planning and insurance services. Obviously, coastal cities’ built environment and infrastructures 
will be prominently affected by climate change through events like; higher temperatures, erratic 
and variable precipitation, rise in sea levels, wind actions which have impacts on the surface of the 
environment and varying impacts on the built environment as shown in Table 3.1 (Kummert & 
Robert, 2012; Meehl & Tebaldi, 2004; Roberts, 2008).  
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Table 3.1 Potential Impacts of Climate change on the Coastal Built Environment (Kummert & Robert, 2012; Meehl & Tebaldi, 2004; 
Roberts, 2008; World Bank, 2011). 
Climate Change Indicator Surface effect Key impact on the built environment and buildings 
 
 
 
 
 
Temperature 
Higher 
Temperature 
 Soil and surface water 
evaporation and 
transpiration 
 Increase surface 
temperature  
 
 Increase the heat islands especially around urban centers which 
increases the energy consumption 
 Thermal comfort reduction 
 Increase desertification 
 Damage to buildings’ foundations and road networks due to the 
soil shrinkage 
 Impact the external surfaces of the building  
 Increase mortality 
 
Lower 
Temperature 
 Change in seasonal 
flow 
 Decrease surface 
temperature 
 
 
Erratic and variable 
precipitation 
 Reduce ground water 
recharge  
 Soil shrinkage 
 Increase aridity/ 
drought 
 Soil erosion and 
subsidence 
 Flooding and flash 
floods due to water 
runoff 
 
 Water supply shortage  
 Unearthing of underground telecommunication, power and sewage 
lines. 
 Damage to buildings, dams and civil works 
 Undermining of foundations 
 Greater strain on building material fixtures, claddings and 
fasteners.  
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Accelerated Sea Level Rise 
 Ground and surface 
water salinization. 
 Decreased fresh- water 
availability due to 
saltwater intrusion 
 Increased inundation  
 Coastal erosion/ 
shoreline retreat 
 Storm surge  
 
 Damage of coastline defense structures. 
 Substantial damage to drainage, sewage, oil and waste pipelines 
 Temporary and permanent unavailability of roads and highways 
due to the floods. 
 Significant damages and complete loss of buildings, resorts and 
beaches 
 Direct adverse effects on building foundations 
 More coastal salt spray 
 Water damage to building contents  
 
 
Wind Events  
 Dust storms 
 Tidal waves 
 Thunderstorms 
 Hail  
 Air pollution 
 Destruction of building elements, power lines and communication 
networks 
 Moisture penetration 
Humidity  Decrease in 
Humidity 
 
  High risk of fire  
Increase in 
Humidity  
  Mold 
 Condensation  
 Decreased thermal  
 performance of building 
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As it can be observed, buildings dominate the built environment, as they host all the 
activities and connecting built environment and the surrounding. For this reason, understanding 
the impact of climate change on the built environment provides a general scenario for studying the 
impact of climate change on buildings and vice versa. 
 
Buildings play major role in every country’s development, they “acts as a climate modifier, 
separating the indoor built environment from the external climate described by the prevailing long-
term weather conditions. The climate of a particular location tends to influence the shapes and 
forms of the local buildings and dictates the types of environmental control required. There is often 
a distinct correspondence between special architectural features and different climatic zones” 
(Lam, Tsang, Yang, & H.W.Li, 2005). Over half of the world's population lives in urban areas 
(UN, 2014). There is an interrelationship between climate and buildings, as they influence one 
another, which later have direct and immediate impact on the surrounding environment, hence 
architectural practices that address climate change and its impacts are different from one region to 
another is different (Lami, 2014).  
 
Buildings are like humans they are also heavy consumers of energy, water, and other 
natural resources (UNEP, 2011). Thus, many studies have suggested that buildings contribute to 
causes of climate change (Janda, 2011; Lea Berrang, James, & Paterson, 2014; Roberts, 2008; 
Wilby, 2007). This is due to the life cycle of these buildings which are certainly affected by the 
impacts of climate change, hence affecting the functionality of the buildings (Lami, 2014; Wilde, 
Rafiq, & Beck, 2008; Wong, Wan, Li, & Lam, 2010). This paves a way to consider sustainable 
design and practices for buildings and built environment. 
3.2 SEA LEVEL RISE AND FLOODS AS CLIMATIC THREATS  
SLR has been one of the most significant effect of climate change and serious threat to 
countries with human settlements and economic activities concentrated in coastal regions (Susmita 
Dasgupta, Laplante, Meisner, Wheeler, & Jianping, 2007). The issue of SLR has become 
imperative to a broad group of stakeholders to ensure safe environmental conditions for coastal 
zone residents. SLR has been consistently rising over the past 100 years, the IPCC Fourth 
Assessment Report mentioned that from 1990 to the last decade of the 21st century total rise in 
 35 
 
range 18-59 cm has been noticed, along with the  global warming which is expected to increase to 
more than 4°C by the end of the 21st century (IPCC, 2014). Projections indicate that average sea 
level will rise between 7 and 36 centimeters by 2050, while in 2080 by 9 and 69 centimeters (Roaf, 
Crichton, & Nicol, 2005). By the year 2100 and with the continued warming, sea levels are 
projected to be approximately 30-80 cm (Williams, 2009) excluding uncertainties due to the 
collapse of the large ice sheets. There is also increasing concern about higher extreme sea levels 
due to the higher intense of storms that may be superimposed on these mean rises which would 
worsen the impacts of global mean sea level rise leading to more damaging floods and storms 
(Nicholls & Cazenave, 2010). 
 
 On that account, populations in coastal area, especially low elevation coastal zones are 
most vulnerable.  The low elevation zones are characterized by being less than 10 m in altitude. 
These zones account 2% of the world’s land but are home to 10% of the world’s population and 
present 13% of the urban population (Gordon McGranahan, Deborah Balk, & Bridget Anderson, 
2007). Despite the vulnerability of these lands, population is growing rapidly. Accordingly, “SLR 
is likely to have strong impact on the spatial distribution of the world’s population, and will 
disproportionately affect urban dwellers in developing countries”(Gordon McGranahan et al., 
2007). In other words, SLR will have debilitating consequences on global stability and 
sustainability. 
 
SLR is caused mainly as result of the rising global temperature which is accelerated by 
natural and anthropologic factors as shown in Figure 3. 2. The three primary natural phenomenon 
who are behind SLR are known as; “ocean thermal expansion, glacial melt from Greenland and 
Antarctica, and change in terrestrial storage” (Elsharkawy, Rached, & Rashed, 2009). Ocean 
thermal expansion has been expected to be the dominating factor behind the sea level rise 
phenomenon. However, some climate scientists claim that the rate of deglaciation in Greenland 
and Antarctica proves a greater significance for glacial melt (S. Dasgupta et al., 2009). Aside from 
the increase of global temperature, there are other factors which cause SLR such as; plate tectonics, 
post glacial rebound, land subsidence and siltation (AlRustamani, 2014). On the other hand, 
anthropologic factors; are also responsible for raising temperature such as; burning of fossil fuels 
and deforestation. Therefore, the impacts of SLR are not globally uniform because of local 
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variations such as; storm frequencies, long shore currents, wave climatology, topography and 
vertical crustal movements (Elsharkawy et al., 2009). So, its impacts and consequences vary from 
one site to another.  
 
 
Figure 3. 2 Natural and anthropologic factors accelerating SLR 
3.3 SUSTAINABLE DESIGN BUILDING FOR COASTAL 
COMMUNITIES 
As discussed previously, sustainability has become a global drive for development 
initiatives related to climate strategies. Thus, providing sustainable building approaches that 
address climate change challenges have been undertaken seriously. Table 3.2 reflects the different 
strategies adopted in each of the three sustainable development pillars. While, in Tables Table 3.2, 
Table 3. 3 and Table 3. 4 the strategies and methods required to achieve the three pillars are 
presented to become sustainable through use of the principles of sustainability. In Table 3. 3, 
strategies and methods for conserving non-renewable resources used in construction industry. 
 
 
Natural Factors (Solar 
Activity, Volcanoes,..) 
& Human Factors (Burning 
Fossil Fuel, 
Deforestation,Agriculture, 
Changing Landuse)
Increase the GHG 
concentration 
Rising the temperature 
(Global Warming) 
- Ocean Thermal Expansion
- Glacial melt from Greenland and 
Antarcatica
-Change in Terrestrial Carbon Storage
- Plate Tectonics  
- Post Glacial Rebound 
-Land Subsidence
-Siltation 
Sea Level Rise 
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Table 3.2 Different strategies adopted in the 3 sustainable development pillars (Lami, 2014; Zakaria, 2015) 
Pillar Theme Principal Issues 
 
 
Economic 
1.0 Maintenance of high and stable 
levels of local economic growth and 
employment  
1.1 Improved project delivery 
1.2 Increased profitability and 
productivity 
Improved productivity; consistent profit growth; employee 
satisfaction; client satisfaction; minimizing defects; shorter and 
more predictable completion time; lower cost projects with 
increased cost predictability; delivering services that provide 
best value to clients and focus on developing client business 
 
 
 
Environmental 
2.0 Effective protection of the 
environment  
2.1 Avoiding pollution  
2.2 Protecting and enhancing 
biodiversity 
2.3 Transport planning  
 
Minimizing polluting emissions; preventing nuisance from 
noise and dust by good site and depot management; waste 
minimization and elimination; preventing pollution incidents; 
habitat creation and environmental improvement; green 
transport plan for site and business activities 
3.0 Careful use of natural resources  
3.1 Improving energy efficiency  
3.2 Efficient use of resource 
Energy efficient at depot and sites, reducing energy 
consumption in business activities, design for whole life cost, 
use local supplies and material; use recycle and sustainable 
sources products, water and waste minimization and 
management 
Social 4.0 Social progress that recognizes the 
needs of everyone  
4.1 Respect for staff 
4.2 Working with local communities 
and road users  
4.3 Partnership working 
Provision of effective training and appraisals; equitable terms 
and conditions; provision of equal opportunities; health, safety 
and conducive working environment; participation in decision 
making, delivering services that can enhance the working 
environment 
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Table 3. 3 Strategies and Methods for Resource Conservation (Lami, 2014; Zakaria, 2015) 
 
 
 
 
 
Resource 
Conservation  
Strategies 
Energy Conservation Material Conservation Water Conservation Land Conservation 
Methods 
-Choose of Material and 
construction methods 
-Insulating building envelope 
-Design for energy efficiency  
-Deconstruction and Recycle  
-Design for low energy 
intensive transportation  
-Develop energy efficient 
technological process 
-Use of passive energy 
design 
- Design for waste 
-Specify durable material 
-Specify natural and local 
material 
- Design for pollution 
preservation  
- Specify nontoxic 
material 
- Using water efficient 
plumbing fixtures 
-Design for dual 
plumbing  
-Collecting rain water  
- Employing re-
circulating systems 
-Designing low 
demand landscaping  
-Pressure reduction 
- Adaptive reuse of 
existing building 
- Locate construction 
project close to existing 
infrastructure 
- Development of non-
arable lands for 
construction 
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Table 3. 4 illustrates the strategies that should be considered by architects and engineers 
to ensure that their designs include environmental quality and human comfort within and outside 
the buildings.  
 
Table 3. 4 Strategies for environmental quality and human comfort  (Akadiri et al., 2012; Lami, 
2014; Zakaria, 2015) 
Design for Human Adaptation 
Strategies 
Protecting Human Health and Comfort Protecting Physical Resources 
Methods 
-Thermal Comfort  
-Acoustic Comfort 
-Daylighting  
-Natural Ventilation  
-Functionality  
-Aesthetics 
- Design for Fire Protection  
- Resist Natural Hazards 
-Design for crime prevention  
 
From the table above, (Akadiri et al., 2012) suggests a general framework to improve the 
engineering practices through the proposed strategies and methods to balance between economic, 
social and environmental performance. Though it is not a conclusive framework, it highlights the 
challenges for every engineering professional. Having a framework or guideline will offer the 
engineers and architects who are involved in the building industry the opportunity to use 
sustainable principles for building designs (Lami, 2014). The guideline should promote; 
  
“buildings that use less energy, and have less damaging environmental impacts over their 
whole life than equivalent buildings designed without regard to these factors. Buildings can be 
designed so as to respond intelligently to the existing topography and climate [….] This may cost 
more initially but the long term running costs should be lower, leading to overall cost savings. A 
climatically responsive approach to building design will eventually help to generate a genuine 
local or regional architecture rather than a style of building imported from another place or time” 
(Lami, 2014) 
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A sustainable design guide will help the architects and engineers to meet the needs of 
nowadays without adversely affect the future generation. Many studies and research work explored 
the potential of having a guideline that could be a foundation for designs. These studies agreed 
that any proposed sustainable design guideline should originate the Human Settlement section of 
Agenda 21 which outlines the following;  
1. “Regulation of energy efficient design principles;  
2. Incentives to promote the continuation of traditional techniques, with regional 
resources; 
3. Recognizing the natural disasters in developing countries, due to the 
unregulated construction, and use of inadequate materials; 
4. Regulation of energy efficient design principles; 
5. Standards to discourage construction in ecological areas; 
6. Cost and economies of scale; 
7. Exchange international information among architects and engineers on 
construction and building aspects related to the environment; 
8. Reconstructing of credit institutions to allow the poor to buy building 
materials; 
9. Exploring methods to encourage and facilitate the recycling and reuse of 
building materials; 
10. Financial penalties to discourage the use of materials that damage the 
environment; 
11. Support the use of clean technologies; 
12. Decentralization of the construction industry” (Bunz Kimberly R., Henze 
Gregor P., & Tiller Dale K., 2006; Lami, 2014) 
(Lami, 2014), in his research study made a comparison between 4 sustainable design 
frameworks in the UK which are designed by ; London Borough of Barnet, Castle Point Borough, 
Highland Council and West Lothian Councils. The aim of the comparison to explore the 
sustainable design parameters. Below is the list of parameters he explored, which will be also 
followed in this thesis. 
 Accessibility 
 Building material  
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 Internal space layout  
 External space layout  
 Local climate  
 Energy Efficiency  
 Water Efficiency 
 Air quality and pollution 
In the study, (Lami, 2014) highlights that effective framework shall be a product of interactive 
professional collaboration. Thus, in the referred study the use of ‘Contextual Interactive Theory’ 
(CIT) was recommended in the development of framework. The CIT was also suggested in other 
studies as it allow policy formulation. 
3.4 MITIGATION AND ADAPTATION; TOOLS TO RESPOND TO 
CLIMATE CHANGE 
 
IPCC unified strategies to respond to climate change which can be integrated in any 
development process to ensure common understanding among nations. These strategies use the 
terms; mitigation and adaptation to create a unified global approach and both are interchangeably 
essential for tackling the challenges of climate change. Mitigation and adaptation can be 
complementary, substitutable or independent of each other in addressing climate change protection 
(Rogner et al., 2007). However, researchers prefer to deal with mitigation and adaptation as being 
complementary. This was emphasized in Guide to Climate Change Adaptation in Cities; 
“addressing mitigation and adaptation jointly can maximize the benefits of actions taken and 
ensure that any action taken in pursuit of one goal does not undermine progress toward the other 
”(World Bank, 2011). Mitigating the causes of climate change such as; reducing the GHG 
emissions, as well as adapting the existing and future built environment to the climate change 
impacts in order to reduce vulnerability of communities. On this account, early mitigation efforts 
can reduce future harms and adaptation costs, however some impacts in some parts of the world 
will not be avoidable and will require adaptation (Zari, 2014).  
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3.4.1 MITIGATION 
 
Mitigation is defined as “the anthropogenic intervention to reduce the sources or enhance 
the sinks of greenhouse gases” (IPCC, 2007). These interventions are; global strategies or 
measures taken to assist in preventing or minimize process leading to climate change. These 
measures include energy conservation, shifting to renewables instead of non-renewable resources. 
The most important mitigation measures are; carbon sequestration, clean development mechanism, 
joint implementation and use of non-polluting sources of energy (Vijaya VenkataRaman et al., 
2012).   
In the city development context, existing activities on climate mainly deal with mitigation. The 
global focus is to reduce the GHG emissions by the improvement of buildings and related 
construction processes to make them more energy efficient through mitigation plans (Roaf et al., 
2005; Smith, 2005). Through mitigation measures, ‘unmanageable situation’ induced by 
significant climate change can be avoided (MIMURA, 2013), so it aims to keep the impacts of 
climate change within the level to which communities and ecosystem can adapt. However, 
adaptation is also a fundamental element that shall not be ignored.  
Some of these mitigation strategies that can mitigate the causes of climate change are 
(Hamin & Gurran, 2009): 
1. Design for energy conservation and provision of renewable energy sources.  
2. Limiting urban sprawl to reduce building energy use and emissions 
3. Increase density of homes and mixing of uses.  
4. Identify and reserve locations for relocation of major infrastructure and for new 
decentralized energy, water, or waste management plants.  
3.4.2 ADAPTATION 
 
Because the built environment is now the principal habitat of humans, it is essential that 
professionals and governments not only work towards mitigating the causes of climate change, but 
also devise strategies to adapt the inevitable impacts within an urban context (Zari, 2014). 
Response to climatic impacts is the prime role of adaptation planning to “maintain resilience to 
communities with respect to future climate change, and ensure protection of natural resources and 
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minimize their overconsumption” (AlRustamani, 2014). Climate change adaptation is defined as 
“adjustment in natural or human systems in response to actual or expected climatic stimuli or their 
effects, which moderates harm or exploit beneficial opportunities” (Thornes, 2002). In other 
words, adaptation measures ‘prepare for an unavoidable impacts’ and is a complimentary to 
mitigation. Adaptation is needed as it tackles several impacts of climate change which is necessary 
to increase the resilience to future impacts for vulnerable communities, sectors and cities 
(Mastrandrea et al., 2010). The IPCC predicts potential impacts and more risks on buildings, 
transports, infrastructure and communication by 2030 (Nakicenovic, 2000). Thus, significance 
adaptation measures are required to ensure safe, healthy and productive environment for human.  
Various types of adaptation can be distinguished, including anticipatory & reactive 
adaptation, private and public adaptation, and autonomous and planned adaptation” (Thornes, 
2002). In other words, it is the process of preparing for and adjusting proactively to climate change 
impacts. Anticipatory adaptation is seen as conscious action in which proactive plan has been 
placed before the impacts of climate chance to potentially correct climatic impacts. On the other 
hand, reactive adaptation refers to the spontaneous adaptation where the action is taken after an 
observed change (Lami, 2014). The anticipatory adaptation is imbedded in the national governance 
system to respond to climate change, joining both adaptation and mitigation tools. Some of the 
adaptation strategies are;  
1.  Building or changing structures such as sea walls to address SLR and flooding, or 
increasing structural strength to address strong storms (Hamin & Gurran, 2009; 
Kirshen, Ruth, & Anderson, 2008) 
2. Implementation of policies or technologies to prepare for climate change impacts. For 
example, changing building codes to reflect increased extreme weather events and 
different heating and cooling needs in the future (Kirshen et al., 2008)  
3. Restricting heights and density of buildings to increase natural ventilation (Hamin & 
Gurran, 2009) 
4. Restrict urban development in flood plains and coastal areas vulnerable to SLR 
(Kirshen et al., 2008) 
5. Increase the use of renewable energy and increasing building energy efficiency (Hamin 
& Gurran, 2009). 
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The UNFCCC emphases the importance of adaptation in its report by stating; “assessing, 
planning and implementing adaptation actions is a necessity for all countries, particularly 
developing countries” (UNFCCC, 2011). Table 3.5 presents the 3 adaptation strategies proposed 
by IPCC. On this account, adaptive measures within developing countries like Egypt, are needed 
and shall be simplified, efficient as well as cost effective.  
Table 3.5 Adaptation Strategies by IPCC (IPCC, 2014) 
Adaptation 
Strategy 
Definition 
Protection Implying strategy to defend inland areas using coastal structures to 
mitigating SLR impacts while keeping important structures or infrastructure 
along the coast that cannot be altered.  
Protection Strategy is either: 
1. Hard Technique: Building structures to stabilize and protect 
the shore. For example; dikes, sea walls, bulkheads, and ripraps. 
Also, installations of protection structures such as; floodgates, 
storm surge barriers, levees, which control storm water runoff 
and prevent communities from extreme weather events. 
2. Soft Technique: non-structural protection measures to control 
coastal erosion. For example; beach nourishment 
Accommodation Changing the land use of coastal zones  
For example: 
 Raising houses on poles to prepare for possible inundation (Elevated 
and floating structures) 
  Converting rice paddies to fish ponds. 
Retreat Regulating the land use of vulnerable areas, and relocating houses and 
economic activities to safer areas 
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Mitigation has received much more global attention than adaptation. However, it is 
important to highlight that, even if mitigation was able to achieve the goal of stabilization, climate 
change would proceed to certain level which would affect some sectors and regions (MIMURA, 
2013). Thus, increasing consideration of adaptation is needed, especially in developing countries, 
as they are vulnerable to larger impacts because of their weak, deteriorated infrastructure and low 
adaptive capacity (MIMURA, 2013). Moreover, uncertainty of the international agreements for 
mitigation, should emphasize the significance of adaptation.   
3.5 MITIGATION AND ADAPTATION PRACTICES FOR 
CLIMATE CHANGE 
 
Globally, many efforts have spent to address climate change challenges in the built 
environment. Since this thesis is focusing on coastal cities and buildings, Table 3. 6 
provides a brief on number of adaptation measurements that have been done in coastal 
cities that are under threats of SLR and Flooding.  
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Table 3. 6 Examples of Adaptation Measurements (Mediterranean Area — Climate-ADAPT,n.d.) 
Threat Adaptation 
Option 
Aim Stakeholder 
Participation 
Success and Limiting 
Factors 
Examples 
 
 
 
 
 
 
 
 
 
 
Sea 
Level 
Rise / 
& 
Floods 
Raising 
coastal lands 
-To raise coastal 
land as a 
defense against 
SLR and storm 
surges. 
- Appropriate 
assessment, and public 
consultation  
- in most cases low cost 
compared to other form 
of grey infrastructure  
 
Limitation: 
- bringing inland fill 
materials can lead to 
soil compaction 
- difficult to raise areas 
with modern urban and 
industrial areas  
- compared to dikes, 
and seawalls, this is less 
protective 
 
-Streets in Venice (Italy) 
was raised to strengthen 
protection against flooding 
and SLR.  
 
Retreat from 
High Risk 
- Retreat and 
relocation of 
settlement from 
the original 
location due to 
high exposure to 
risk 
- Policy for retreat of 
settlements from area 
of high risk to be 
established 
-Stakeholders have to 
be consulted since 
property owners and 
residents are affected  
 
-Cost of retreat could be 
less than other grey or 
green measures to 
protect assets. 
-Likely to be successful 
and receive stronger 
public support if they 
are designed in longer 
term perspective  
 
Limitation: 
-Some property owners 
might feel that the 
-In UK, erosion is 
threatening cliff-top 
settlements in East Anglia 
and Norfolk counties. The 
UK authorities decided not 
to take action against cliff 
erosion. Instead, they gave 
compensation to owners to 
be relocated.  
- In Portugal, unauthorized 
homes built along the beach 
and exposed to Atlantic 
storm surges, were removed 
by the municipality and the 
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compensation was not 
adequate 
 
people were resettled in a 
historical village nearby 
 
 
 
 
 
Sea 
Level 
Rise / 
& 
Floods 
Adaptation of 
integrated 
land use 
planning 
-it is a strategy 
to prevent 
climate change 
impacts on 
valuable 
elements at risk 
through 
changing the 
land-use.  
-requires contribution 
from different sectors; 
transportation, 
housing, energy and 
environment 
-requires cooperation 
between national, 
regional and local 
level of government  
- the land use option 
should be tailored to the 
local land use and fits 
into the functioning of 
the environmental 
systems 
-Eco-street project in 
Austria.  
 
Awareness 
campaigns  
for 
Behavioral 
changes 
- Raising 
awareness 
among 
stakeholders 
about the 
important 
component of 
the adaptation 
process to 
manage the 
impacts of 
climate change, 
enhance 
adaptive 
capacity, and 
reduce overall 
vulnerability. 
 
- stakeholders , 
governmental 
representatives and 
NGOs  
-priorities for setting 
the target audience 
needs to be assessed by 
understanding who is 
most vulnerable 
-clear message to get 
the target’s attention 
-message to be 
communicated with the 
same language of the 
audience 
-the message should be 
tailored to the targeted 
audience 
 
-campaign model and 
communication should 
be selected carefully to 
keep the message fresh 
and interesting  
 
-there are varies tools and 
forms through which 
message can be 
communicated such as; TV, 
radio, newspaper, and 
internet  
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Establishment 
of Early 
Warning 
Systems 
 
 
 
- enhancing the 
preparedness of 
decision making  
- To adapt strong 
warning system; 
strong political 
commitment and 
durable institutional 
capacities are essential 
in order to directly 
communicate, aware 
and support the public 
before extreme event  
 
-To enable reliable 
warning system, the 
available data must be 
pre-selected, analyzed 
and prepared. 
- the decision makers 
have to work on reliable 
data and manageable 
amount of information 
for the warning 
decision and measures  
 
Limitation: 
-failure to have reliable 
measures 
-lack of evaluation of 
predictive validity  
Addressing the impacts of 
urban heat waves and forest 
fires in Hungary. 
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CHAPTER 4: EGYPT AND CLIMATE CHANGE  
 
Chapter 4 provides a background on Egypt as it is important to note how rapidly 
socioeconomic and environmental changes have been taking place in the country to understand the 
impact of climate change all over the country, and particularly the study context. The chapter 
consists of 4 sections, section 4.1 gives an overview about the country; its geography, population’s 
density and socioeconomic conditions. Section 4.2, Egypt’s climatic conditions is discussed. 
Furthermore, possible impacts of climatic changes are discussed in section 4.3, and in section 4.4, 
the consequences of climate change on Egyptian coastal cities’ sustainability is discussed. The 
Egyptian government response to climate change is also presented in section 4.5. The National 
Strategy for Adaptation to Climate Change and Disaster Risk Reduction is covered in section 4.6. 
4.1 EGYPT OVERVIEW 
Egypt is transcontinental country located in the northeastern corner of Africa and the 
southwestern corner of Asia with a total land area of 1,002,000 km2. It borders Gaza Strip from 
the east, Sudan from the south and Libya from the west. Its north-south extent is about 1,080 km 
and its maximum east-west extent is about 1,100 km (FAO, 2016). The Egyptian terrain consists 
of a large desert plateau interrupted by the Nile Valley and Delta which occupy 4% of the total 
area. Its coastline is about 3,500 km long, where almost one third is on the Mediterranean and the 
remaining is on the Red Sea. The land surface rises on both sides of the valley where the surface 
level reaches 1,000 m above sea level in the east and 800 m above sea level in the west. Mount 
Catherine in Sinai is the highest point which is 2,629 m above sea level, while the lowest point is 
at Qattara Depression in the northwest which is 133m below mean sea level (FAO, 2016). Being 
predominantly desert; Egypt is recognized by its arid and semi-arid rangelands. It is divided into 
7 main regional units; Greater Cairo, Alexandria, Delta, Suez Canal, North Upper Egypt, Asyut 
and South Upper Egypt-Regional Units (Figure 4. 1)  (GOPP, 2017).  
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Three interlinked challenges face Egypt’s development; population growth, limited natural 
resources, and strained urban systems. Population growth and its distribution are driving forces 
that affect the human settlements. In 2016, Egypt`s population reached 92.23 million with an 
average annual growth rate of 2.18% (CAPMAS, 2016), making it the most heavily populated 
country in the Arab World and the third largest in Africa. It is expected that the population will be 
over 100 million by 2030 (UNECA, 2016), this high population growth rate and densities are 
expected to impose huge pressure on the economic, social and environmental dimensions of 
“Egypt Sustainable Development Strategy: Egypt’s Vision 2030” which serves as a roadmap to 
the country to achieve its desired sustainable development goals during the next 13 years.  The up 
growing population brings development challenges; a) poverty as 26.3% of Egyptians were living 
below the poverty line; b) structurally high unemployment rate as 12.8% suffered from 
unemployment, particularly among young people and women; c) major disparities between rural 
and urban areas (UNECA, 2016) ; d) environmental challenges due to the inefficient energy use 
in different sectors generating huge number of emissions that affect Egyptians in different aspects.  
According to the World Bank, Egypt is among the 11 fastest growing GHG emitting 
countries and it may reach to 300% increase in GHG emissions by 2017 (World Bank, 2016). 
Egypt’s emissions grew by 133% from 1990-2012 (CAIT, 2014). GHG profile is dominated by 
the energy sector as it accounts 41% of Egypt’s total GHG emissions as presented in Figure 4. 2 
Figure 4. 1 Egyptian Regions (GOPP,2014) 
 51 
 
(World Bank, 2016). According to International Energy Agency (IEA) data, Egypt’s total primary 
energy supply more than doubled from 1990-2012, where nonrenewable sources account 94% and 
renewables 4% in 2012 (IEA, 2015). 
 
Figure 4. 2 Egypt GHG Profile per Sector in 2015 (World Bank, 2016) 
 
The Egyptian Ministry of Housing, Utilities and Urban Development (MHUUD) stated 
that Egypt suffers from the predicament of urban primacy where most of the population lives in 
big urban cities like; Greater Cairo and Alexandria, or Nile Valley and Delta. The Nile valley and 
Delta region; where most of the cultivated land, industries, economy and population are located, 
occupy 6.5% of the total area of Egypt. This small area is the country’s only cultivated region 
which supports 99% of the population with agricultural products (El-Nahrawy, 2011). It is also 
very densely inhabited, with population densities up to 1600 inhabitant per square kilometer which 
is only 2.5% of Egypt`s land area.  
The increase of demographic pressures initiates possible climate change impacts 
exacerbate Egypt’s existing concerns about the water flows of the highly sensitive Nile River and 
Delta (Nachmany et al., 2015).  Among these impacts are; soil salinization, soil degradation, 
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sustaining adequate freshwater supply, adjusting crops to temperature shifts during growing 
sessions ad desertification. This strong dependence on the Nile for freshwater, “agriculture and 
food security leaves the country highly vulnerable to climate change impacts” (Nachmany et al., 
2015).  
According to 2016 Human Development Report (HDR), Egypt has reduced its human 
development deficit rising from 0.547 in 1990 to 0.691 in 2015 (an increase of 26.4%). This puts 
the country in the medium human development category, with a position of 111 out of 188 
countries and territories (UNDP, 2016). This progress was due to increase of life expectancy at 
birth, mean years of schooling, expected years of schooling, and GNI per capita which increased 
by 71.5% between 1990 and 2015 (UNDP, 2016). 
 
In 2015, Egypt had a rough population of 94 million people and among this population 31 
million were encompassed by the labor force (World Bank, 2017) which represented 33.69% of 
the overall population. A very low population that reflects high unemployment rate. 
 
 
 
Table 4. 1 Workforce in 2015 (World Bank, 2017) 
 
 
Years 
Labor Force 
Trends 
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Population 
(millions) 
78,15 79,53 80,95 82,46 84,10 85,89 87,81 89,80 91,81 93,77 
Labor Force 
(millions) 
24,53 25,70 26,49 27,27 28,05 28,42 29,06 29,76 30,30 31,00 
Participation 
rate (%) 
10.49 8.8 8.7 9.38 8.98 12.00 12.67 13.21 13.17 12.84 
Number of 
unemployed 
(millions) 
32,76 34,78 35,72 36,40 37,59 36,83 37,49 38,38 39,26 40,40 
Unemploym
ent rate (%) 
 
41.92 43.73 44.13 44.14 44.7 42.88 42.7 42.74 42.77 43.09 
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4.2 CLIMATIC CONDITIONS 
According to Egypt’s third national communication to UNFCCC, the general climate of 
Egypt is dry and hot, with a mild winter season with rain over the coastal areas, and a hot and dry 
summer season. Egypt receives fewer than eighty millimeters of precipitations annually (EEAA, 
2016) during winter. Most of the rain falls along the coastal area like; Alexandria which receives 
200 millimeters of perception while the amount of precipitation decreases southward like in Cairo 
which receives a little more than 1 centimeter of precipitation annually. While, some areas go years 
without rain and then experience sudden downpours that result in floods. Snow falls on Sinai’s 
mountains and some of north coastal cities. Egypt is also known with its occasional hot spring 
winds; Al Khamasin, which form in small vigorous low-pressure areas in the Isthmus of Suez and 
sweep across the northern coast of Africa. The winds reach high velocities and carry great 
quantities of sand and dust from deserts and may continue for days causing illness in people, 
animals, harm crops and occasionally destroying infrastructure and housing (EEAA, 2016). 
 
A report by IPCC indicates that temperature will change with ranges between 1.8 °C to 4.0 
°C by the year 2100 (Mastrandrea et al., 2010). There will be an increase by +0.1°C/year over the 
southern part of Upper Egypt, and a decrease by -0.02 °C to -0.06°C /year over the northern and 
coastal part of Egypt (UNDP, 2014). It is good to mention that such change has been recognizable, 
and currently many residents are witness such change, for instance; in Cairo the first time in many 
decades to receive snow was in 2013 (UNISDR ROAS, 2013).  
 
The Intergovernmental Panel on Climate Change (IPCC) listed Egypt as one of the top 
countries most vulnerable to climate change that will be affected in three ways: temperature rise, 
sea level rise and decreased water availability. Sever sandstorms, dense haze, and flooding have 
occurred with increased severity and frequency (Mohamed El Raey, 2010).These will have adverse 
effect on “existing environmental and natural resources stresses like irrigable land for food 
production as well as human settlement” (Batisha, 2012).  Climate change will put more pressure 
on already limited natural resources specifically water and land, while rapid urbanization and the 
population growth will weaken the prospects for sustainable resource management. Although 
climate projections reflect significant adverse impacts, the topic of climate change is politically 
avoided and there is little awareness among the community about its impacts (Finaz, 2015). 
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Remarkably, one of the major causes of 25th January Revolution in 2011,was the economic stress 
compounded by pressures on natural resources such as; water, food and energy (Batisha, 2012). 
With the ongoing radical climate change, these pressures will affect Egypt’s eco-social stability as 
well as its national security. 
 4.3 POSSIBLE IMPACTS OF CLIMATE CHANGE IN EGYPT  
Despite its share of Global Greenhouse Gases (GHGs) emissions is less than 1%, Egypt is 
one of the developing countries that is highly vulnerable to the potential impacts of climate change. 
It will be the most impacted Arab country with at least 12 million persons displaced due to extreme 
scenarios (Abdel-Gelil, 2014). Climate change and specifically, the global warming is expected to 
“exacerbate water shortages in Egypt’s arid and semiarid environment, resulting to the increase of 
both head waves, and severity and frequency of sand and dust storms” (Mohamed El Raey, 2010). 
Notably, one of the major contributor to SLR is the global warming. Egypt is expected that “a sea 
level rise of only 1 m will flood much of the Nile Delta, inundating about one third (around 34%) 
of its land, placing important coastal cities such as Alexandria, Damietta and Port‐Said at a great 
risk. In this case, it is estimated that about 8.5 % of Egypt’s population will be displaced” 
(Moufaddal, 2013). 
Predictions show numerous threats will be affecting all sectors of development in Egypt 
which in return have negative effect on Egypt’s economic, social and environmental sustainability 
(Abdel-Gelil, 2014). (Agrawala et al., 2004) has ranked and summarized the key climate change 
impacts and vulnerabilities in Egypt for particular sectors important to the economy as seen in 
Table 4.2 
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Table 4.3 Impacts and vulnerabilities in Egypt in sectors (Abdel-Gelil, 2014). (Agrawala et al., 
2004) 
Resource/ Risk 
Ranking 
Certainty of 
Impact 
Timing of 
Impact 
Severity of 
Impact 
Importance of 
Resource 
Coastal Resources  High- medium Medium-Low High High 
Water Resources Medium Medium High High+ 
Agriculture (indirect 
impacts - mediated by 
SLR and water 
resource) 
High-medium Medium- low High- medium High- medium 
Agriculture (direct 
impacts – temperature, 
rainfall) 
Low Medium-low Low High-medium 
Energy Resources Medium-low Medium-low Medium-low Medium-low 
 
The potential impacts of climate change on coastal resources are ranked as most serious. 
Sea levels are already rising due to some factors such as; coastal subduction and reduced sediment 
loads (Agrawala et al., 2004). So climate change is only inducing this trend. As discussed 
previously, the on-going increase in the population, limited fertile land, its large desert areas, and 
the concentration of the economic activities on coastal zones, the potential social and economic 
impact of climate change could add threats to national security and having the disability to meet 
Egypt Vision 2030, as shown in Table 4. 4 
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Table 4. 4 National Security Threats (Abdel-Gelil, 2014) 
Threat  Reason 
Energy 
Security  
Untenable use of non-renewable resources with underutilization of available renewable 
ones. In addition to the heavily subsidized prices of these resources which has led to 
strained national budgets and is threatening Egypt’s economic competitiveness.  
Water 
Security 
Nile River, is the major source of water supply. It supplies over 95% of the country’s 
annual water needs. Consequently, agricultural development is closely linked to. 
Climate change could cause significant variation in the annual Nile floods. With a 
growing population, the share of fresh water per capita is estimated to drop to 550 m³ 
by 2020 (below the water poverty line of 1000 m³ per capita).  
Food 
Security 
Limited water and agricultural land, coupled with population growth and other factors, 
are creating mounting pressure on Egypt’s ability to provide food for its growing 
population. For example: By 2050, production of many crops in Egypt will be reduced 
by up to 11% for rice and by 28% for soybeans (OECD, 2009) 
Need for 
Job 
Egypt needs to generate over one million new jobs every year for its growing young 
population. The challenges in different sectors such as; agriculture and industry will 
affect the jobs availability in the market.  
Poverty 
Gap 
With millions still living under the poverty line, Egypt needs to lift the standard of 
living for the poor. With the current social and political unrest, it is extremely difficult 
for Egypt to attract foreign direct investment (FDI) or development aids 
 
Table 4.5 provides an overview of the impacts of climate change in all sectors of 
development in Egypt. Meanwhile, water resources , food security, health, and coastal resources 
are the most vulnerable sectors (Abdel-Gelil, 2014; Mohamed El Raey, 2010).
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Table 4.6 Climate Change Impacts on Egypt  
 Sector Phenomena Reasons related to climate change References  
 
E
co
sy
st
em
 
Negatively affecting nesting of marine turtle 
 
Soil warming  (Agrawala et al., 2004; 
Mohamed El Raey, 
2010; Zakaria, 2015) Negatively affecting birds and animal’s 
migration pattern 
Extreme occurrences of dust storms, SLR, 
and floods 
 
Loss of habitats and biodiversity 
  
Extreme weather occurrences, SLR, land 
subsidence, salt water intrusion and dust 
storms  
 
Negatively affecting mangrove vegetation in 
the Red Sea 
 
Global Warming  
 
H
ea
lt
h
 
Concentrations of unhealthy air and water 
pollutants 
Increased salinization of groundwater 
supplies  
(Agrawala et al., 2004; 
Mohamed El Raey, 
2010) 
Wide spread of heat stroke among elderly and 
children  
Increase of temperature, dust storms 
Increase incidence of communicable such as; 
parasitic, bacterial and viral diseases, and 
non-communicable diseases such as; cancer, 
cardiovascular and respiratory diseases 
 
Changes in temperature, precipitation 
patterns and SLR 
Increase the rate of malnutrition as an indirect 
impact due to the shortage of essential food 
SLR, flood, decrease of rain fall and 
change in the temperature 
In coastal areas, waterlogged areas in the 
lowlands could increase the breeding grounds 
of mosquitos carrying malaria.    
Increase of temperature and decrease in 
rain fall  
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F
o
o
d
 S
ec
u
ri
ty
 
A
g
ri
cu
lt
u
re
 
Shift in climatic and agricultural zones  
 
 
 
 
 
 
 
 
 
 
Increase in temperature, SLR, soil and 
water salinity 
(Agrawala et al., 2004; 
Mohamed El Raey, 
2010; Zakaria, 2015) Losses in crop productivity.  
 
Affect the grain filling periods  
 
Reduction of cultivated land  
 
Increase in the desertification phenomenon 
 
Soil erosion and sediment transport 
 
Reduced soil water availability  
 
L
iv
es
to
ck
 
 
Negatively affecting the health and 
productivity of animals.  
 
 
Extreme weather occurrences and global 
warming    
 
Spread of animal diseases  
 
F
is
h
er
ie
s 
Change in fisheries catch.  
 
Increase sea temperature, SLR, extreme 
storm occurrences and water salinity   
 
Negatively affecting fish fodders and species 
 
 
 
 
 
 
Salt water intrusion in coastal lakes  
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W
a
te
r 
R
es
o
u
rc
es
 
Contamination of fresh water  
 
SLR and salt water intrusion  (Agrawala et al., 2004; 
Mohamed El Raey, 
2010) Increase in soil and water salinity 
 
Increase in temperature and SLR 
 
Increase the gap between water supply and 
water demand  
 
 
Increase in temperatures and salt water 
intrusion 
Negatively affecting ground water sources 
 
Decrease Nile flow  Increase in temperature  
Creating dead zones in deep lakes  
 
Ocean acidification  
 
C
o
a
st
a
l 
A
re
a
s 
Salinity of inland lakes (Nasser and Qaraoun) 
 
Salt water intrusion, contamination of 
ground water resources  
 
(Mohamed El Raey, 
2010; Zakaria, 2015) 
Negatively affecting shoreline  
 
SLR, salt water intrusion 
Changes in marine ecosystem  
 
Increase in water temperature and SLR 
 
Coral bleaching and Loss 
 
Sea acidification, increase in water 
temperature 
 
Increasing rates of submerging for low 
elevated areas 
 
SLR 
Severe damage on the large investments in 
summer resorts along the North   
West Coast of Egypt.  
 
SLR  
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Increasing the frequency and severity of 
storm surges “Nawaat”  
 
SLR, extreme storm occurrences  
In
d
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st
ry
, 
In
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e 
a
n
d
 S
et
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In
d
u
st
ry
 
Deterioration of food industry 
 
SLR, extreme weather occurrences  (Agrawala et al., 2004; 
Mohamed El Raey, 
2010; Zakaria, 2015) Implications in fisheries industry 
 
Hinder the development of energy sector 
 
Changing the economic base in various zones. 
Economic losses estimated at over US$ 35 
billion (Land area, 195,000 jobs)   
Droughts and SLR 
Degrade paintings ‘stability and finishing of 
cultural and historical monuments and icons. 
 
Extreme shift in temperature and humidity.  
 
Increase the risk of damaging the cultural 
sites in coastal areas 
 
Rising groundwater tables and storm 
surges 
Deterioration of coastal tourism in Red Sea 
and Mediterranean coastal region  
 
SLR and increase in temperature  
In
fr
as
tr
u
ct
u
re
 
Softening asphalt Extreme hot temperature, sandstorms, 
thunderstorms, sea surges, and dust storms 
 
(Zakaria, 2015) 
 
(Agrawala et al., 2004; 
Zakaria, 2015) 
Deterioration of roads 
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Excessive expansion on bridge components 
(joints and paved surfaces)  
 
Heat waves, SLR  
 
Inundation of roads, rail lines and airport 
runways in coastal areas  
 
Increase the frequency and intensity of 
very hot days and heat waves, and SLR  
 
More frequent or severe flooding of 
underground tunnels and low- lying 
infrastructure, erosion of road base and 
bridges  
 
SLR, flood and extreme weather 
occurrences  
Posing hazards to passengers of coastal 
airports 
 
 
 
Extreme weather occurrences and SLR  
Costly adjustment in harbor and port facilities 
to accommodate tidal increase  
 
Destroying the wastewater treatment 
infrastructure  
SLR  
H
u
m
an
 S
et
tl
em
en
t 
High population density in some areas. 
 
 
 
 
Extreme weather occurrences, flash floods 
and SLR 
(Zakaria, 2015) 
 Increase demographic displacement and 
migration of more than 2 million people in the 
Nile Delta and valley  
 
Increase the high unemployment rate 
including political and civil unrest  
 
Increase poverty rate 
 
Inadequate in low income urban centers  
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4.4 CONSEQUENCES OF CLIMATE CHANGE ON EGYPTIAN 
COASTAL CITIES 
A) SEA LEVEL RISE  
Egypt is unique in its population’s distribution, land use, agriculture and economic 
activities which makes it vulnerable to potential impacts on its water resources and coastal zones 
(Agrawala et al., 2004), Dasgupta et al. (2009) ranked Egypt as the fifth in the world concerning 
the biggest impact of SLR. In 2000, Egypt was the highest populated country in the low elevation 
coastal zone in the African continent with an estimated 53% of Egypt’s population lives within 
100 kilometers of the coast and almost more than 40% of the country’s industrial capacity is found 
(Mohamed El Raey, 2011). The entire coastal area is home to several highly populated economic 
centers which are under intense pressure from activities like tourism, construction industry, 
petroleum and chemical production. Trading, transportation networks and harbors are also found 
along the coasts. The coastal zone is an important source for fisheries and fish industry as the 
overall annual production of fish in 2014 was 14.8 hundred thousand tons, of which 25% from 
capture fisheries (CAPMAS, 2014). 
The coastal zones extend over 3500 kilometers where one third of this distance is along the 
Mediterranean Sea, starting from Rafaah city in the east to Al Salloum city in the west, and two 
thirds along the Red Sea and the coasts of Sinai Peninsula. There is wide variation in coastal 
characteristics, types and extent of coast-related activities (EEAA, 2016). The Nile Delta with its 
coastal front on the Mediterranean hosts major cities such as Alexandria, Rosetta, Damietta and 
Port Said. Despite being critical centers for economical and industrial activities, they are highly 
vulnerable due to the their low topography and the high flood probability, significant land erosion 
and the high sensitivity of climate change (Milliman, Qin, & Park, 1989). In addition to other 
problems that have been challenging this area like; population pressure, interference of land use, 
pollution, water logging and lack of institutional capabilities for integrated management (Agrawala 
et al., 2004). The impacts will be very serious as one third of Egypt`s fish catches are made in 
these lakes. Its impact is not limited to the potential loss of agricultural land and population 
displacement, but it is also affecting the sustainable livelihood of inhabitants not only in the coastal 
and delta regions but also Egypt as a whole.  
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Future projections declare that by 2030 “population density along the Egyptian coast is 
expected to increase to 1902 people/km2 and to 2,681 people/km2 by 2060”(Mohamed El Raey, 
2010). Notably, the future population in this region will be suffering from number of climatic 
threats that will reflect on the livability and sustainability of the coastal cities. Sea level rise is the 
major threat affecting coastal areas and will create problems as noticed in Table 4. 7, the 
ecosystem, food, coast, industry, infrastructure and settlements, health and water resources. 
 
Table 4. 7 Impacts of Climate Change on Egyptian Coastal Cities (Agrawala et al., 2004; 
Zakaria, 2015) 
Aspects SLR Salt Water 
Intrusion 
Extreme 
storm 
occurrences 
Increase 
water 
temperature 
Change of 
acidity 
E
co
sy
st
em
/N
a
tu
r
e
 Erosion      
Soil 
Salinization 
      
Endangered 
ecosystems 
     
Land 
subsidence 
     
S
o
ci
o
-e
co
n
o
m
ic
 a
c
ti
v
it
ie
s 
Agriculture      
Livestock      
Fisheries      
Industry      
Infrastructure      
Human 
settlement 
     
Health      
Water 
resources 
     
 
Observations confirm that SLR are already rising due to the combination of factors that 
include; coastal subsidence and reducing the sediment loads resulting from the Aswan Dam 
upstream (M. El Raey, Dewidar, & El Hattab, 1999). The SLR will inundate 3.3% of total 
cultivated area (around 16 km2) of the coastal part of Nile Delta in the absence of adaptive action 
(CoRI, 2016).  Few examples on the negative implications of SLR on coastal regions; the Red Sea 
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has fragile and unique ecosystems such as the mangrove stands, which stabilize shorelines and 
provide habitants to many species, may be threatened (Agrawala et al., 2004). Moreover, the 
northern Egyptian lakes (e.g. Manzala and Burullus), which occupy 25% of the total 
Mediterranean wet lands lost 4883 km2 of its water mass during a period of 25 years and huge 
areas around were dried up (M.Ali & El Magd, 2016). Excessive erosion has been observed at the 
Rosetta branch of the River Nile because of the cessation of sediments after building the High 
dam. Projections estimated that one third of the employment in Rosetta city will be lost in case of 
a sea level rise of 0.5 m as well as the loss of 2.9 billion dollars from land and property (Agrawala 
et al., 2004). Another example is Port Said, where sea level rise is expected to cause a landward 
shift of the salt wedge and increase the rate of saline seepage in the top soil which will drastically 
affect its agricultural lands. Studies found that a rise in the sea level of 0.5 m in Port Said will lead 
to a loss of 5.3% of the city`s employment. Also, sectors like industry and transportation will be 
severely affected by 12.5% and 11.7% respectively (Agrawala et al., 2004). 
 
B) FLOOD   
Flooding events became more frequent in Egypt since 2010 due to the climate change 
(Zakaria, 2015). The flooding events in the study context usually occur when the rainfall exceeds 
1mm per minute and the duration exceeds 10 minutes (Mohamed El Raey, 2010). They are highly 
dangerous as they are unpredictable due to heavy rains. Like the SLR, over population and 
unplanned land use increase the human vulnerability to floods. Egypt is lacking capabilities to 
observe, evaluate and predict flooding, flooding warnings, and coordinate response. For this 
reason, most of its coastal areas are vulnerable to coastal and flash floods. Hence, there is a need 
to pay attention to the flood hazards due to; social, economic, geographical location, and 
environmental vulnerabilities (Elnazer, Salman, & Asmoay, 2017). Floods can lead to diseases 
such as; typhoid, scabies, cholera, diarrhea and malaria, in poorly serviced settlements. Recent 
records mentioned that 2.3 billion people were affected while 157,000 people were dead in 
different flood events from 1995 to 2005 (UNISDR, 2017).  
The danger of flood can be determined by; a) the high velocities of its flow which create 
erosive forces and can destroy buildings and foundations, b) rate of rise at which the water 
increases, and c) it’s season which is usually effect agriculture production (Zakaria, 2015). There 
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is a correlation between SLR and floods. As SLR rises over the coming 15 to 30 years, tidal 
flooding is expecting to be more often which may cause more disruption (Zakaria, 2015). Studies 
confirmed that SLR exacerbates the causes for coastal and flash flooding as follows (Nicholls & 
Cazenave, 2010; Zakaria, 2015);  
 Increasing the shore erosion  
 Elevating high tides during full moons, so tide reaches further land 
 Increasing elevation of coastal wave table leading to flood in low lying areas 
 Increasing the failure of dikes and flood control facilities 
 Increasing high wave than the storm surge  
4.5 EGYPTIAN RESPONSE TO CLIMATE CHANGE  
Egypt was among the first Arab countries to join cooperative global agreements and efforts 
to confront climate change. It was involved in the Rio De Janeiro Earth Summit in 1992, ratified 
the United Nations Framework Convention on Climate Change in 1994, signed the Kyoto Protocol 
in 1999 and Paris Agreement in 2015. 
 
The Egyptian authorities realize the vulnerability of the coastal zone to the impacts of 
climate change in the future. Though it stated in its National Climate Change Strategy “no study 
has confirmed any notable imbalance of the prevailing natural events, including temperatures, 
winds, waves, hurricanes, and winter storms”. The government has established the National Center 
for Land use, and National Committee for Integrated Coastal Zone Management (ICZM), which 
has representatives from different ministries and in charge of coordinating and implementing 
integrated planning among relevant agencies. Responses to climate change and SLR vary from 
one sector to another. As mentioned previously, these responses are generally classified into 
mitigation and adaptation. 
4.5.1 EGYPTIAN MITIGATION RESPONSE 
Egypt is among the 11 fast growing GHG emitting countries in the world, as a result of an 
increase of a 300% in GHG emissions is expected by 2017 (Climate Change Fund, 2015). The 
energy sector accounts 41% of Egypt’s total GHG emissions, followed by a share of 35% for the 
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agriculture, and 24% for the transportation (IEA, 2015). Therefore, Egypt has implemented several 
projects that aim to reduce GHG emissions as shown in Table 4.8 
 
Table 4.8 Selected examples for Egyptian mitigation projects (Zakaryia,2015) 
Authority Suggested Project Applied Project 
Ministry of Electricity 
and Energy (MOEE  
 
Launching some projects in the field 
of renew- able energy (wind - solar - 
hydro)  
 
Hydro: Aswan Dam 
Wind: Zaafarana wind 
farm 
Solar: Kuraymat 
The Energy Efficiency 
Council (EEC) 
Oversee the development of a national energy efficiency strategy 
to increase Egypt's efficient use of its natural re- sources. 
Cairo Solid Waste 
Management Authority  
Methane recovery from land- fills 
which involves the recovery of 
methane generated in landfills  
Sadat city( Cairo), Borg El 
Arab and El-Hammam 
(Alexandria) 
Egyptian 
Environmental Affairs 
Agency (EEAA) 
Establishing the Egyptian 
Designated National Authority for 
Clean Development Mechanism 
(DNA-CDM)  
Develop projects that 
support an energy efficient 
economy and the use of 
Egypt's renewable energy 
potential  
Creating a National Action Plan for Climate Change. 
The New and 
Renewable Energy 
Authority (NREA) 
Establishing a program for 
implementing a series of solar 
thermal power plants. 
Kuraymat  
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Table 4. 9 illustrates selected mitigation polices adapted that are currently applied for the 
four top emitters sectors.  
Table 4. 9 Mitigation polices adapted for the 4 top emitters sectors (Zakaria, 2015) 
Sector Mitigation Policy  
Energy  Sustain the use of natural gas as the main available cleaner fossil 
fuel 
 Promote the usage of renewable energy alternatives  
 Enhance energy efficiency in the generation of power and the 
refining of oil  
Industry  Create a market for the climate and the environmental friendly 
technologies 
 Apply waste heat recovery 
 Improve combustion efficiency  
 Apply energy management systems  
Agriculture  Establish a national integrated network for the monitoring and 
assessment of the climatic and environmental hazards and their 
impact on agriculture 
 Introduce new varieties of rice to reduce the emissions of CH4 
 Rationalize the usage of fertilizers to reduce N2O emissions  
 Reduce the burning of agricultural residues  
Transportation  Apply measures including provision of new vehicles, safety of 
public transportation and of non-motorized means of transportation 
 Mainstream policies aiming to remove old vehicles from the streets, 
promoting efficient public transportation, expansion of the 
underground Metro system and hybrid vehicles  
 Extend metro lines to newly developed cities and encourage private 
sector participation in financing and managing the new metro lines  
4.5.2 EGYPTIAN ADAPTATION RESPONSE 
Adaptation strategies and opportunities are site dependent, and it is complex to select the 
most effective measures, as it requires multi-criteria analysis in order to  assess available 
technology options to understand the maintenance requirements, environmental impacts, equity 
and cost issues (Mohamed El Raey, 2010). As such will need the National Integrated Coastal Zone 
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Management Committee to be effectively activated to formulate and implement strategic 
integrated coastal zone management plan (Mohamed El Raey, 2010). 
 
Only limited financing has been available for the adaptation measures for addressing 
climate change problems (Abdel-Gelil, 2014; Agrawala et al., 2004). Among other reasons, the 
adaptation measures and projects for Egyptian coastal cities, are basically based on “protection” 
type (Zakaria, 2015). The protection is classified into; Hard and Soft protection measures as shown 
in Table 4. 10. 
Table 4. 10 Hard and Soft protection measures (Zakaria, 2015) 
 Hard Adaptation Measures Soft Adaptation Measures 
Definition Measures usually imply the use of 
specific technologies and actions 
involving capital goods 
Measures focus on information, 
capacity building, policy and strategy 
development, and institutional 
arrangements  
Example Dikes, seawalls, reinforced 
buildings, adapting buildings to 
future climate conditions and 
extreme events, etc.. 
Insurance, foreign aid, support to small 
businesses, early warning, land use 
planning, education, optimization of use 
of resources, risk prevention system, 
etc.. 
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Egyptian authority has been taking the climate change problem so seriously. Thus, several 
authorities are engaged in different projects to reduce SLR impacts on the coastal zones as shown 
in Table 4. 11 
Table 4. 11 Engagement of Authorities to address SLR (Zakaria, 2015)) 
Role Adaptation Measures 
Hard Adaptation Measures Soft Adaptation Measures 
 
Center of Research Institute (CoRI) 
Using physical and 
numerical models to 
simulate future and 
present day impacts of 
SLR 
- Design the wave barriers 
which is most efficient, low 
cost and high effective 
control works to protect 
lands from surges 
- Develop and prepare 
technical master plan designs 
for new development 
projects on the seashores 
- Provide technical support 
and essential studies required 
for any development projects 
on the coastal shore 
- Provide technical 
consultations to decision 
makers and private clients on 
coastal issues 
 
Role 
Adaptation Measures  
Hard Adaptation Measures Soft Adaptation Measures 
 
Shore Protection Authority (SPA) 
Prepare and develop 
general plan for shore 
protection activities 
and projects 
- Improving Rashid protection 
wall, Mohamed Ali sea wall, 
and coastal roads 
- Constructing hard structures 
(dams, sea walls, water 
breakers, etc..) to protect 
coastal areas from erosion 
and beach reinforcing  
 
- Issuing environmental laws 
for sea shore protection 
- Establishing coastal zone 
management committee for 
proper management and 
coordination 
Develop master plans 
for new development 
projects on the sea 
shores 
- Protecting the beaches of 
some governorates such as; 
Alexandria, Port Said, Kafr 
El Shiekh, Al Arish and 
Damietta 
- Preparing a general plan for 
shore protection activities 
- Accepting Environmental 
Impact Assessments (EIA) 
for mega coastal projects 
- Preparing regulations (ex: 
shore buffering) 
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- Regular enforcement for 
northern coastal cities 
beaches. 
 
 
Agriculture Research Center (ARC) 
Coastal monitoring 
and assessment of 
morphological 
changes of the 
coastline 
configuration of the 
Egyptian shores 
- Developing number of pilot 
projects which serve the 
authority’s activities in 
cooperation with Egyptian 
and foreign universities 
- Conducting number of  
research work about 
adaptation of more heat 
tolerant cultivars 
Ministry of Water Resources and Irrigation (MWRI) 
Measuring and 
analyzing coastal 
processes contributing 
to changes including 
wind, waves, currents, 
and tidal variations 
 
               N/A   
- Establishing research centers 
in cooperation with 
development partners  
- Implementing projects for 
shore protection with SPA 
 
In the context of reducing the impacts of SLR on Egyptian coastal cities, Table 4. 12 
presents some of these projects which were funded by international development entities.  
 
Table 4. 12 Projects by International Entities addressing SLR (Zakaria,2015) 
Partners Project Aims to 
EEAA, Alexandria 
Governorate, Arab 
Academy for Science and 
Technology, World Bank 
Prepare strategy and plan to 
face natural disaster risks in 
the coastal cities of North 
Africa  
Develop plans to improve the 
potential of adaptation to climate 
change and preparing for natural 
disasters 
Food and Agriculture 
Organization (FAO) 
Monitor the risks of climate 
change and SLR on 
agriculture in the Nile Delta 
Develop a decision making 
system for prediction and 
mitigation of the impacts of 
climate change in agriculture 
along the Delta coast 
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EEAA, MWRI, 
Alexandria University, 
United Nations 
Develop strategy to address 
the impact of SLR on human 
migration in Egypt  
Ensure migration and human 
safety in the planning and 
development of policies 
Provide technical aid  
World Bank Develop regional guidelines 
for large scale water 
investment interventions 
Assist in the control of SLR 
Create mainstream of adaptation 
issues in national plans 
Raise awareness on adaptation 
measures among policy and 
decision makers  
EEAA and Global 
Environment Facility 
(GEF)/UNDP 
Conducting climate change 
capacity building 
Institutionalize climate change 
issues on national level  
Assess in the technology needed 
for adaptation measures 
4.6 EGYPT NATIONAL STRATEGY FOR ADAPTATION TO 
CLIMATE CHANGE AND DISASTER RISK REDUCTION 
The Egyptian authorities have contributed in developing “Egypt National Strategy for 
Adaptation to Climate Change and Disaster Risk Reduction” in order to address this phenomenon 
at the two levels; adaptation to climate change and mitigation of its severity (The Egyptian Cabinet 
Information & Decision Support Center, 2011) according to the type of sectors affected and those 
affecting the climate change. The strategy was imitated by the National Committee for Disaster 
Management and Risk reduction aiming to increase the resilience and flexibility of Egyptian 
community while dealing with extreme climate events. The strategy adopts accommodation and 
protection as basis for adaptation to risks resulting from climate change.  
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In order to face the danger of SLR in coastal zones, several measures were listed in the 
strategy and presented in Table 4. 13 
 
Table 4. 13 Measurements in Egypt Climate Change Strategy that address SLR (The Egyptian 
Cabinet Information & Decision Support Center, 2011) 
Procedure Include 
Studies  - Conducting detailed studies on the effectiveness of the proposed 
adaptation measures to assess destructive factors and meet the risks 
of torrential rains and floods. 
Rules - Developing additional rules for coastal development that cover the 
impacts of climate change. 
- Allowing the establishment of only viable and accommodated small 
beach construction. 
- Submitting EIA for projects taking place in coastal zones. 
Structural and 
architectural 
intervention 
- Constructing and maintaining, maritime walls, submersible barriers, 
shore coating, soil fixation, and prevention methods for seawater 
intrusion into land including the implementation of covered and 
uncovered sanitary drainage projects. 
- Protecting coastal buildings, electricity, water, and sanitation grids. 
- Establishing solid protection measures such as stone heads or 
submersible barriers, in order to protect the back shore from attacks 
by the sea and address the SLR.  
- Building anti-flood protection structures to break flash floods or 
prevent them from reaching populated areas. 
Rehabilitation of 
Installations 
- Strengthening the existing protection structures to act as wave 
breakers  
Reinforcing 
natural 
protection 
- Maintaining natural protection  
- Preserving natural defense lines against SLR (for instance: 
limestone barriers along the northwest coast) 
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Although this strategy is specifically relevant to adaptation to climate change in different 
sectors, mitigation was also applied, as shown in Table 4.14.  
 
Table 4.14 Mitigation in Egypt National Strategy for Climate Change (The Egyptian Cabinet 
Information & Decision Support Center, 2011) 
 
Sector 
 
Procedure 
Approach 
Mitigation Adaptation 
Hard Soft 
 
Water 
Resources and 
Irrigation 
Launch a national campaign to raise 
water awareness among citizens  
   
Recycling treated water    
Improving the distribution network 
to reduce water loss due to leakage 
   
 
Agriculture 
Capacity building for farmers to 
equip them with all information 
related to climate change and 
diseases, and methods of prevention 
   
Encourage planting new varieties of 
crops with short growing seasons  
   
 
 
 
Health 
Developing weather and seasonal 
forecast and early warning systems 
   
Establishing integrated database for 
diseases associated with climate 
change 
   
Raise awareness of citizens in health 
behavior that would limit any harm 
resulting from exposure to extreme 
events 
   
 
 
Transfer the latest technology related 
where renewable energies are used 
in the buildings 
   
Constructing dams to slow the flow 
of floods 
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Rural and 
Housing areas, 
and roads 
Renovate old houses in urban and 
rural areas which are liable to 
collapse 
   
 
 
Tourism 
Support civil society organizations 
to participate in applying strategic 
operational policies 
   
Encourage the growth of tourism 
away from high environmentally 
sensitive area  
   
 
Few years after establishing the strategy, The Arab Republic of Egypt (2015) has submitted 
“Egyptian Intended Nationally Determined Contribution” report to achieve the objectives of 
UNFCCC to face climate change in terms of adaptation and mitigation. In this report, the 
government stated that the low level lands of the Northern coastal region are highly vulnerable to 
SLR. The government proposed intended actions to promote resilience. As for achieving resilience 
to the coastal zones, it was mentioned that “adaptation options for coastal zones are highly site-
dependent” (Arab Republic of Egypt, 2015), also some actions are to be undertaken such as; 
- Changing in land use.  
- Integrated coastal zone management. 
- Providing job opportunities in safe areas to successfully absorb affected 
population. 
As for the adaptation action packages, the following actions were included;  
- Reduce climate change associated risks and disasters. 
- Capacity building of the Egyptian society to adopt to climate change and 
associated risks and disasters. 
- Enhance national and regional partnership in managing crisis and disasters 
related to climate change and the reduction of associated risk. 
Mitigation policies were focused on reducing GHG emissions. These policies relied on; 
- Reform energy subsidies. 
- Use of advanced locally appropriate and more efficient fossil fuel technologies, 
which is less emitting, in addition to new generation of nuclear power. 
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- Encourage the use of renewable energy as an alternative to non-renewables.  
- More efficient use of energy, by the end user.  
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CHAPTER 5: APPLIED RESEARCH  
 
Since the topic of climate change and particularly the climatic threats affecting Alexandria 
such as; SLR and floods, and their impacts on the built environment of the coastal city is under-
researched if compared with the international situation, therefore this study will be exploring the 
implications of such phenomena. The study will focus on highlighting the gaps in Egypt National 
Adaptation for Climate Change Framework which was established in 2011 and evaluate the 
progress that have been undertaken to reduce the vulnerability of Alexandria. These gaps shall 
help in exploring international practices and policies that are undertaken in coastal cities as part of 
their mitigation and adaptation plans to reduce their risk of disaster by becoming more resilient.  
Hence, this study is opening the door for future investigations on the same topic. The exploratory 
nature of the study directed its method to follow the mixed research method as it helps in providing 
complex and exploratory detailed descriptions. 
5.1 HYBRID RESEARCH METHOD 
Research methods are basically qualitative and quantitative. These involve the way the data 
are collected, analyzed and interpreted. Generally, qualitative study gives an in-depth and 
specifically to research findings while the qualitative provided general understanding to the matter 
(Denzin & Lincoln, 2005; M. D. Myers, 2009). Qualitative research is defined "any kind of study 
that produces findings not arrived at by means of statistical procedures or other means of 
quantification” (Strauss & Corbin, 1990). The researcher is more open to receive rich information 
and discovering data as evidence. The qualitative study is known with its inductive approach; thus 
the researcher is more involved in different processes for better understanding through words and 
images rather than numbers. The researcher analyzes the data gathered from the fieldwork, 
observations, different type of interviews and the published documents, which help in better 
understanding and analyzing the circumstances (Patton, 2002). So basically, it does not require 
hypothesis and the researcher is the instrument of data collection and analysis. 
Conversely, quantitative study is an empirical study which is deductive in nature which 
relies on statistical findings from questionnaires and experiments as tools to gather numerical data 
for statistical analysis (Hinchey, 2008; N. Myers, 2002; Saunders, Lewis, & Thornhill, 2009). The 
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quantitative study interprets opinions, compares, and highlights the trends of events and its 
causality with focus number of population (N. Myers, 2002).  
A third study method, known as hybrid method, combines both methods; qualitative and 
quantitative, which has also been explored in this research. This method aims to achieving accurate 
and detailed information that offers a triangulation (Creswell & Clark, 2007; Genevieve Canales, 
2012; Maxwell, 2013). In other words, such method seizes holistically the reflection of an inquiry 
and trends both in depth and participants’ opinion (Creswell & Clark, 2007). 
As this subject is relatively newly introduced to Egyptian architects, civil engineers and 
urban policy makers, mixed method approach was adopted. In this research, two types of data 
collection are used; primary data and secondary data.  
5.1.1 PRIMARY DATA COLLECTION  
The data collected and produced by the researcher himself is “primary data”. Mostly, 
primary data in qualitative study is collected by interviews, questionnaires, observation and/or 
scientific experiments. In this research, interviews, questionnaires and observation are used as the 
primary data tools.  
A) INTERVIEW FORMAT  
Interview is one of the best tools for data collection in the qualitative study due to the 
numerous insights from different respondents. It relies on “conducting intensive individual 
interviews with a small number of respondents to explore their perspectives on a particular idea, 
program or situation” (Boyce & Neale, 2006). Moreover, interviews are more efficient, fast, and 
direct and assist in having accurate data.  
In this research, in-person interviews are conducted with different stakeholders. Climate 
change and environmental experts, government representatives from Climate Change Central 
Department at the Ministry of State for Environmental Affairs Agency, Integrated Coastal Zones 
Management (ICZM) unit at the Ministry of State for Environmental Affairs Agency, The Coastal 
Research Institute in Alexandria, The Egyptian Public Authority for Shore Protection, and 
Alexandria Sewage   & Drainage Company. In addition, representatives from international 
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organizations and national NGOs who are focusing on climate change and its impact upon city`s 
infrastructure and buildings such as; Global Climate Fund (GCF) operated by the United Nations 
Framework Convention on Climate Change (UNFCCC). The role of architects and contractors are 
crucial as they are the apply their knowledge and professional practice on ground in order to 
provide safe, secure and appealing for living. Hence, number of architects and contractors are 
interviewed who are currently practicing in Alexandria.  
The interview questions focus on several topics such as their perception towards climate 
change, investigation on the impacts of climate change on the built environment of coastal cities 
such as; infrastructure and buildings, and uncovering the current and future adoptive plans to create 
resilient city willing to act proactively against one of the climatic threats; SLR and floods which 
are the major threats affecting the sustainability of coastal and delta cities. The questions are 
designed to understand Egypt climate change strategy and the effort spent to control this threat.  
There are different lists of questions developed as interview guide (Appendix C) covers the 
research problem and questions targeting each of the key players to examine the study’s 
hypothesis. The interviews are formatted in semi-structured method, where the questions are fluid 
and flexible in their structure. The aim of semi-structured interview is to create “interactional 
exchange of dialogue, a relatively informal style; a thematic, topic-centered, biographical, or 
narrative approach; and the belief that knowledge is situated and contextual, and that therefore the 
role of the interview is to ensure that relevant contexts are brought into focus so that situated 
knowledge can be produced” (Mason, 2002). The produced situated knowledge is generated from 
respondents` interpretations, perceptions and experiences, which help the study to go deeper and 
be more explanatory and makes it possible to advocate solutions to investigated problems. 
The interviews are voice recorded and respondents sign model release. A brief introduction 
about the researcher, study’s description and interview questions are sent to the respondents 
beforehand on their personal emails. 
B) QUESTIONNAIRE FORMAT 
Questionnaire is “an instrument consisting of a set of questions on a form which 
respondents fill in themselves” (Aldridge & Levine, 2001), it questions individuals on topic and 
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then analyzes their responses (Jackson, 2011). In other words, the questionnaire is a facilitating 
communication tool between the researcher and wider number of respondents in short period of 
time (Denscombe, 2004). The questionnaire should be designed to maintain high standards, which 
will be achieved if the following three significant points are covered; a) research subject influence: 
the questionnaire structure and the used words are clear and reflecting the subject, b) questionnaire 
uniqueness: questions are particularly designed exclusively for a specific study and target group, 
c) rules and guidance: questionnaire should follow appropriate guides to achieve creditability 
(Davies, 2007). 
For this research, two questionnaires are developed. The first questionnaire (Appendix A) 
is developed for the residents of Alexandria who are currently living/ working or were living in 
the past 5 years. This sample are familiar with the term “climate change”. The questionnaire 
consists of 38 questions, mixed between multiple choice and Likert Scale questions. The aim of 
the questionnaire is to uncover the level of awareness, and vulnerability of this community. While 
the second one (Appendix B) is developed for architects and engineers who are directly involved 
in city and urban planning such as; architects, civil, environmental, mechanical, electrical power 
and machines engineers. The questionnaire consists of 57 questions, mixed between multiple 
choice, Likert Scale and short answer questions. Both questionnaires are designed using Google 
Form and are available online. The aim of the second questionnaire is to involve this target group 
to share their insights in developing a framework and guideline that can assist them in designing 
sustainable residential cities while considering climatic challenges at local level.  
B.1) RESPONDENTS SELECTION 
Sampling is used to select members of population who have significant insight to be 
included in the study “because many populations of interest are too large to work with directly, 
techniques of statistical sampling have been devised to obtain samples taken from larger 
populations”(Proctor, 2003). Hence, sampling is an essential part for the qualitative method to 
provide accurate, updated and reliable data. 
For this research, different types of non-probability purposive sampling method are used 
to gather a wide range of accurate data. For the in-person interview, expert sampling is used for 
several reasons; 1) to have deeper understanding to Egypt National Adaptation Strategy for 
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Climate Change Policy, and 2) explore the different efforts done so far in terms of mitigation and 
adaptation to reduce the direct and indirect impacts of climate change and particularly sea level 
rise on Alexandria’s sustainability. Experts are very well selected based on; a) their specialty as 
most of them are environmentalists, climate change experts and directly and indirectly involved in 
the policy making decisions in the area of the research, and b) the majority have publications and 
participated in national and international conferences that focus on this matter. The interviews are 
conducted with four key players from; governmental entities, engineering and contracting 
companies in Alexandria which have projects and are currently working on projects in the building 
industry along the coastal area of Alexandria region. Also, international organizations that have 
been contributing their efforts in Egypt to reduce the impacts of climate change either by 
supporting in developing Egypt National Strategy, protecting Egypt coastal zones, developing 
policies and guidelines or providing funds to governmental entities to work on mitigation and 
adaptation.  
The two questionnaires were developed using Google Form and were available online for 
one month. The first questionnaire was targeting residents of Alexandria, so the questionnaire’s 
link was shared online on different social media platforms. Online groups from Alexandria were 
the main target so the link was shared on 48 groups. On the other hand, the second questionnaire 
are developed for engineers and architects, hence it is disseminated in different way. The 
questionnaire was shared among engineering and contracting companies that have projects in 
Alexandria region. The link was shared with the Human Resource departments and the department 
was in charge of circulating the email. Also, the questionnaire was shared on LinkedIn and sent to 
number of engineers who are working in the building industry.  
C) OBSERVATION 
 Observation relies on the researcher’s ability to interpret and link the data collected with 
what is happening and why. It requires systematic noting of events and behaviors in attempt to 
realize the meanings behind and attached to certain actions. In the research, several visits to the 
study context were undertaken to investigate the efforts happening on the ground, and explore 
residents’ attitude and behavior toward the problem.  
 81 
 
5.1.2 SECONDARY DATA SOURCES 
Secondary data is the information that is already published in books, journals, reports, 
dissertations, etc. It helps in understanding the study topic`s depth, its gaps and the applied 
theories. Secondary data provides variety of information in different fields such as social, 
economic, geographic and demographic. This study has significant secondary data that serves in 
introducing the study’s problem and exploring international contributions to reduce the 
implications of climate change, particularly sea level rise through certain practices and policies in 
their mitigation and adaptation tools.  
5.2 LIMITATIONS 
Discussing a topic like the implications of climate change on coastal cities like, Alexandria 
is relatively new, sensitive and some may consider it affecting the national security.  For these 
reasons, it took long time to reach to experts in the field as well as sending requests for interview 
to governmental entities. Secondary data related to the context of Egypt is very limited, unclear 
and outdated. Moreover, having concrete figures about these implications require longer time and 
many resources to track the changes happening in the zone. Hence, questionnaires with the 
different stakeholders were developed and interviews with authority representatives, field experts 
and NGOs have added new dimensions to the research. 
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CHAPTER 6: CASE STUDY – ALEXANDRIA  
 
This chapter presents the contextualized motivation and rationale of the research. The 
selected case study is investigated in-depth to highlight the problem of the SLR and its implications 
on the vulnerable community and sustainability of the entire city. Section 6.1 gives an overview 
about Alexandria’s profile in terms of population, socioeconomic activities and climatic 
conditions. In section 6.2, evidence about climate change, specifically SLR and flood are stated 
which answers some of the research questions; as well as identify the existing evidence and 
impacts on the city’s built environment. While in section 6.3 impacts of these climatic changes on 
the city’s sustainability. 
6.1 CITY OVERVIEW: ALEXANDRIA  
The famous historical city, Alexandria is located approximately at 30° 50’ to 31° 40' north 
and 29° 40' to 32° 35' east. It is characterized by irregular hills in the southern parts with an 
elevation from 0 to 40 m above mean sea level and slops towards the Mediterranean Sea in the 
northward (Steen, 2007). Such distribution makes the southern area subjected to impacts of SLR 
and storm surges. The city has a waterfront that extends 60 km from Abo Qir bay in the east to 
Sidi Krier in the west (Abdel Shafy, El-Saharty, Regelsberger, & Platzer, 2010). It extends 32 km 
along the coast of the Mediterranean Sea in the northward. This narrow coastal land strip is less 
than 2 m above sea level and is protected from flooding by a 1 to 10 km wide coastal sand belt 
(Douglas & Inman, 2005; Elsharkawy et al., 2009; A.M. Fanos, 1995; Inman, Elwany, Khafagy, 
& Golik, 1992; Stanley & Warne, 1993). The coastal strip is situated on a raised barrier between 
+2.5 and +12.5 m and average +4 m above mean sea level and backed with low level areas which 
trigger serious concerns (CoRI, 2016). The protective sand belt is facing rapid erosion since the 
construction of Aswan Dam and it is expected to be destroyed by the SLR which is essential for 
the protection of lakes and the low lying reclaimed lands (Alfy Morcos Fanos, 1995; Inman et al., 
1992). It is important to highlight that the runoff water is managed together with wastewater in 
combined sewage and drainage network (Steen, 2007; World Bank, 2015). The drainage and waste 
water together flow towards Lake Maryut through 2 treatment plants. The pimping station 
discharge the excess water in the sea. 
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Being the second largest city after Cairo. Alexandria has the largest population reaches 
5,207,303 people (CAPMAS, 2017). It hosts 40% of the Egyptian industrial and commercial 
activities as well as the largest harbor in the country (Agrawala et al., 2004; Mohamed El Raey, 
2010). Economically, Alexandria has a variety of industries as; agro-industries, heavy industries, 
and petrochemical and construction material industries besides being a famous summer attraction 
city where millions of tourists visit. 
Climatically, Alexandria is a semi-desert but due to its location in the northernmost part, it 
has relatively moderate temperature. It is characterized by hot dry summers and moderate winters 
with very little rainfall (Steen, 2007). During the summer time, the average annual temperature 
does not surpass the 31°C. While in winter, the average annual temperature reaches to minimum 
of 14°C. Alexandria is one of the wettest cities of Egypt as the average annual precipitation is 
about 200 mm (Steen, 2007). The precipitation along the coast varies between 130 and 170 mm 
yearly and decreases when moving southwards (Mohamed El Raey, 2010). The city has very high 
humidity; however, the sea breeze keeps the moisture down to comfortable level. During storms, 
the values of storm surge on the coast are typically from 40 to 50 cm while the maximum reported 
value is 1.2 m (Ismail, Iskander, & El Sayed, 2012).  
6.2 SEA LEVEL RISE AND FLOODS AS CLIMATIC THREATS IN 
ALEXANDRIA 
Extreme precipitations resulting to flood and changes in the sea level are two relevant 
aspects of global climate change (Senior, Jones, Lowe, Durman, & Hudson, 2002). It worth 
mentioning that Alexandria has been witnessing recognizable change. Based on the IPCC fourth 
report, Alexandria’s temperature has increased by the range of 0.05 to 0.15 °C from 1979 to 2005 
(IPCC, 2007). In addition, the Mediterranean coast of Egypt experienced a consecutive increase 
in its annual amount of rainfall during the last three decades (Zakaria, 2015). In 1993, Alexandria 
was affected by heavy rainy storms which caused severe damage in the infrastructure (Egypt 
Government, 2005). A recent evidence of climate change and its impact on Alexandria dates back 
to December 2010, when the recent coastal flooding hit its coastline endorsing the severity of the 
progressive global phenomena (Zakaria, 2015). Strong winds, and heavy precipitation, up to 60 
km/hr with a 10 hours duration were enough to result waves of more than 6.5 m height with a surge 
of over 1.0 m which forced the closure of Alexandria main harbor (Ismail et al., 2012).  
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Alexandria is one of the top 10 vulnerable cities exposed to SLR and floods (Nicholls & 
Cazenave, 2010). Early studies have evaluated the impacts of climate change on the city using two 
SLR scenarios (0.5m and 1.0m) as shown in Figure 6.1. Aside from climate change, there are three 
valid reasons for the SLR in the coastal region of Alexandria. These reasons are; local tectonics 
reason for subsidence, and seasonal oceanographic and metrological process (Frihy, 2003).  
Studies proved the significant of local tectonic reason in rising the sea level, as the records reflected 
that the annual average rate of subsidence is 1mm to 5mm, where the annual mean of SLR is 
1.6mm per year. Accordingly, the total expected SLR is 7.5 mm per year (Frihy, 2003; Steen, 
2007) 
Figure 6. 2 Potential impact of sea level rise: Nile Delta (2002, 0.5 m rise, 1m rise) (Otto-
Zimmermann, 2011) 
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Clearly, large percentage of the lands in the Mediterranean coast and Nile Delta are totally 
vulnerable to inundation and saltwater intrusion. If no action is taken, an area of about 51% of the 
city will be lost (Agrawala et al., 2004; Brooks et al., 2009; Mohamed El Raey, 2010; Steen, 2007). 
Subsequently, in both scenarios millions can be driven out from their homes. The optimistic 
scenario, in which SLR reaches 0.5m, will cause the displacement of almost 3,800,000 people, and 
1,800 km2 of the cropland will be jeopardized. while when the SLR reaches 1.0m around 6,100,000 
people and 4,500 km2 of the crop land will be endangered (Mohamed El Raey, 2010; Zakaria, 
2015). 
 
One third of Alexandria’s total population is settled in informal areas, with deteriorating 
buildings and weak infrastructure in the old and dense part of the city. The population in these 
areas increased after 25th of January Revolution, when huge number of buildings were constructed 
in unplanned and illegal areas together with the seismic risk as their foundation are particularly 
susceptible to land subsidence and earthquake (World Bank, 2015). These human settlements are 
potentially come under increased threats of flooding and inundation (Steen, 2007). The last coastal 
floods, have affected around 1,300 people and the number is expected to reach over 4 million by 
2070 (Reuters, 2010). Nevertheless, in the current days Nawaat often drawn city’s streets, as the 
result of the huge and unexpected water volumes, which cannot be accommodated, hence some of 
the pump stations were disrupted.  
 
 
 
 
 
 
 
 
 
 
 
Figure 6. 2 Pump stations were disrupted (Egyptian 
Streets,2015) 
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In October 2015, Alexandria experienced unexpected severe rainfall event causing severe 
flooding, which has been descried as, “the worst flooding of Alexandria City over the past decades 
in terms of the number of people affected and the amount of economic damage” (Egyptian Streets, 
2015). The unexpected event, destroyed the infrastructure where a power cable feeding the 
tramline have fallen in the rain water flooding the streets, causing the  death of 7 people of electric 
shock (Egyptian Streets, 2015; FloodList, 2015). In some districts, buildings showed severe 
structural damages and 100,000 people living in an informal area were threatened by  destruction 
of their homes (C. Zevenbergen et al., 2017). The flood losses were estimated at 9.7 million dollars 
with grave damages to private businesses and properties (FloodList, 2015). The amount of 
damages and losses could have been predicted at least one week in advance, if an appropriate 
warning system was placed (Chris Zevenbergen, 2015). 
 
 
 
6.3 IMPACT OF CLIMATE CHANGE ON ALEXANDRIA  
It is agreed that, Alexandria is the most vulnerable coastal city to climate changes impacts 
distinguished by SLR due to its relatively low elevation (CoRI, 2016). As a result, Alexandria has 
been listed as one of the governorates which will have environmental as well as socio-economic 
impacts resulted from SLR  (Elsharkawy et al., 2009). Moreover, there are other impacts of climate 
change that will also affect the city’s sustainability such as, salt water intrusion, the deterioration 
of coastal tourism and the impact of extreme dust storms (Elsharkawy et al., 2009). Consequently, 
Figure 6. 3 Commuting across the flooded 
streets of Alexandria was almost impossible 
(Egyptian Streets, 2015). 
Figure 6. 4 Assets were drastically affected 
(Egyptian Streets, 2015) 
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agricultural productivity, industrial development and human settlements along its coastal area will 
be directly affected (M. El Raey et al., 1999). Several analyses of the potential impacts of SLR 
along Egypt’s Mediterranean shoreline have been carried out in order to identify and estimate the 
amount of damages that will result. However,“ owing to the great diversity of both natural and 
socio-economic coastal systems and their dynamic response to anticipated changes, future impacts 
are not easy to predict” (El-Nahry & Doluschitz, 2010). 
Table 6. , assess the impacts of SLR on different sectors. Number of scenarios were 
assumed based on different literature over the century (0.25, 0.5 and 1.0 m), taking land subsidence 
of (2.0 mm/a), and an estimate 45 percent of the population of Alexandria currently lives on land 
below sea level into consideration (Agrawala et al., 2004). 
 
Table 6. 1 Impacts of SLR on different sectors assuming different scenarios (Agrawala et al., 
2004) 
 
Sector 
Below sea level 
(current) 
 
0.25 m 
(above sea 
level) 
0.5 m 
(above sea 
level) 
1.0 m 
(above sea 
level) 
(% of areas affected) 
Population 45 60 67 76 
Beaches 1.3 11 47.8 64 
Residential 26.2 27.5 39.3 52 
Industrial 53.9 56.1 65.9 72.2 
Services 45.1 55.2 75.9 82.2 
Tourism 28 31 49 62 
Restricted Area 20 21 25 27 
Urban 38 44 56 67 
Vegetation 55 59 63 75 
Wetland 47 49 58 98 
Bare Soil 15 24 29 31 
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Table 6. 2 Impacts of SLR on Alexandria's Sustainability 
Aspects Impact  Reference  
E
co
sy
st
em
/N
a
tu
r
e
 Land  Increasing the erosion activity resulting from the increase of the frequency and strength of 
wave energy  
(El-Nahry & 
Doluschitz, 
2010; 
Elsharkawy et 
al., 2009; Steen, 
2007) 
(Elsharkawy et 
al., 2009) 
(El-Nahry & 
Doluschitz, 
2010)  
(El-Nahry & 
Doluschitz, 
2010; Steen, 
2007)  
(El-Nahry & 
Doluschitz, 
2010)  
Inundation of wetlands and other low-lying lands and eroding beaches  
Water 
Resources  
The combination of salt water intrusion due to the SLR and increased soil salinity resulted 
from the increase of evaporation are expected to reduce the quality of the groundwater.  
S
o
ci
o
-e
co
n
o
m
ic
 a
c
ti
v
it
ie
s 
Agriculture Due to the decline in irrigation water quality, food crops will be affected  
Decline in coastal crop yields  
 
Fisheries Reduced productivity of coastal fisheries 
 
Tourism  Accelerating coastal retreat, including dune and cliff erosion, breaching of coastal barriers 
and destabilization of coastal inlets.  
Disseverance of crucial ecosystems such as coral reefs and coastal lagoons 
 
Deterioration of coastal resorts 
 
Loss of non-monetary cultural resources and values 
 
Infrastructure Highly vulnerable due to the existing urban water systems, which are based on the current 
calculations of rainfall and run off fed stream flow  
 
Loss of coastal infrastructure such as; ports and waste water treatment plant. 
 
Decline in land and housing property values 
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Increasing the protection costs which may not be afforded by Egypt unless substantial aid 
is obtained  
Human 
settlement 
Flood risks on settlement areas 
 
Political and institutional instability and social unrest  
Health Spread of climate sensitive diseases such as; rift valley fever, cholera, breeding of malaria 
carriers and increase in diseases carrying mosquitos, along the coast resulting to the 
decline in health living standards as results of poor drinking water quality and floods  
 
Industry  Threats to major coastal industries such as; oil and gas and petrochemical.  
Increase insurance premiums 
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CHAPTER 7: KEY FINDINGS 
 
Building on Chapter 4 (Methodology), this chapter is the outcome of the field study, 
questionnaires and interviews that have been conducted to meet the objectives of this research. 
Therefore, this chapter focuses on recording the collated quantitative and qualitative data which 
were obtained to meet the objectives of this study, answer the study’s questions, and whilst 
focusing on its aim.  
The chapter is divided into two sections; Section 7.1 presents the quantitative data collected 
through the two questionnaires. The first questionnaire (subsection 7.1.1) is answered by residents 
of Alexandria. The purpose of this section is to measure the level of awareness towards the climate 
change problem and particularly sea level rise. Also, to uncover how the community is vulnerable 
to the sudden change and if they were engaged in any of the government plans in this matter, while 
the second questionnaire (subsection 7.1.2) is answered by engineers involved in the building 
industries such as; construction, mechanical, electrical, architecture and environmental 
engineering. The purpose of this questionnaire is to reveal their level of awareness, consideration 
and preparation this target group has while developing the coastal region as well as involve them 
in sharing their perception and insight in developing a framework and guideline that consider 
climate change as a factor which affects the built environment and coastal cities’ sustainability. 
While section 7.2, presents the qualitative data that have been obtained from the one to one 
interviews with professionals, researchers and government employees who are involved in 
developing coastal cities and particularly Alexandria region. This combination allows for the 
validation of the findings and study questions.  
7.1 QUANTITATIVE ANALYSIS  
An inferential analysis of the results is conducted. The inferential statistical techniques are 
used to test the hypotheses and, on that basis decides whether the hypotheses are accepted or 
rejected. The main purpose of the analysis will be to identify trends and relationships in the data 
as well as to generalize from the sample of the population of the study. R Core Team is used for 
the statistical computing and graphics.   
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In order to answer the study’s questions, a scheme of categories relevant to the topic was 
developed in each of the questionnaires. The likability scale questions were given different codes 
related to the categorized schemes, to assist in having accurate answers and to make it easy to 
correlate and find relation between different variables. The below table presents the coding used: 
Table 7.1 Codes and Themes 
Code  Meaning  Theme 
CCP Climate Change Perception  Perception toward climate change  
CCAW Climate Change Awareness  Awareness toward climate change  
GP General Perception  General perception obtained from 
different sources 
CCE Climate Change Evidence  Evidence of climate change  
PRP Preparation  Current preparation tools & methods  
ADA Adaptation  Adaptation Recommendation  
BI-PC Building Implications /Preparation 
and Consideration 
Design preparation and 
considerations to avoid impacts 
BAW Building /Awareness Awareness of matters related to 
Building industry 
BI-AW Building Implications Awareness Awareness towards the Buildings’ 
implications 
CC-BI-
AW 
Climate Change/Building 
Implications /Awareness 
Awareness of matters related to 
climate change, and its implications 
on buildings 
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7.1.1 RESIDENTS OF ALEXANDRIA QUESTIONNAIRE 
 
A) QUESTIONNAIRE’S RESPONSES 
In this questionnaire (Appendix A), two contingency questions were initially asked. These 
questions support in having the right sample as they are “limited to a subset of respondents for 
whom they are relevant” (Lavrakas, 2008). Contingency questions ensure that the data received is 
reliable and can generate effective responses that can support the analysis to reach out to liable 
recommendations.  Accordingly, the two-multiple choice contingency questions are to validate 
that respondents are from /or living in Alexandria, and if they have heard about climate change. 
Only respondents who are currently living/ working or used to live in the last 5 years in Alexandria 
are considered, as well as those who have heard about climate change. However, respondents who 
are not from Alexandria, are dismissed from this questionnaire as well as those who have not heard 
about climate change. 
Based on the data gathered, 112 respondents were involved in this questionnaire which was 
available online for 4 weeks on Google Form link. In Figure 7.1, 109 respondents were living, 
working or used to live in Alexandria in the last 5 years, while the other 3 respondents were from 
elsewhere. Hence, their answers were dismissed. 
 
Figure 7.1 Participants living or working in Alexandria in the last 5 years 
 
The second contingency question aims to identify those who have heard about climate 
change, since their responses are more credible. Among the 109 respondents, 100 individuals have 
heard about climate change while 9 individuals have not heard this term as shown in Figure 7. 2. 
97%
3%
Yes
No
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For this reason, the 9 were dismissed and only 100 respondents were considered as reliable primary 
data.  
 
Figure 7. 2 Participants who have heard about Climate Change 
 
Following the 2 contingency questions, the 100 selected respondents were requested to 
answer number of questions in 4 sections. Section A, where general information about climate 
change are collected. Section B, is to explore and record the knowledge of respondents on climate 
change and sea level rise specifically. While section C, measures the evidence of climate change 
happening in the coastal city of Alexandria, and finally section D is to gather more information 
about the nature of the respondents to draw out their demographic characteristics including; their 
gender, age and level of education to provide quality information for the study work.  
 Giving an insight about the respondents, as mentioned previously 100 reliable respondents 
participated in the questionnaire. 60% were males and the 40 % were females, as shown in Table 
7.2 
Table 7.2 Participated Gender 
 
 
 
 
While the age group is presented in Table 7.3, and it shows that 43% of the respondents, 
which is the largest participated group, aged between 31- 40 years old, followed by 35% aged 
92%
8%
Yes
No
Gender Respondents 
Male 60% 
Female 40% 
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between 21- 30 years old, while 16% aged between 41- 50 years old, 3% aged between 51- 60, 
and 3% are above the 60 are aware of climate change.  
 
Table 7.3 Age Group 
Respondents’ Age Range  Percentage of Respondents  
21-30 35% 
31-40 43% 
41-50 16% 
51-60 3% 
Older than 60 3% 
 
The level of education was also considered to give a deeper insight about respondent’s 
socio-economic status. As presented in Figure 7.3, 59% of the respondents have obtained a 
bachelor’s degree, 23% have obtained master’s degree, 7% with a Doctor of Philosophy (PhD), 6 
% with a high school certificate and 5% with a diploma.  
 
 
The general information in Section A, consists of 4 questions that help in understanding 
how respondents feel towards the climate change as a threat, the informative channel that helps 
them to understand more about this threat and brings them with updated information, and their 
insight regarding the role of public in addressing climate change. 
 
6
59
5
23
7
High School Certificate
Bachelor Degree
Diploma
Masters Degree
PhD
0 10 20 30 40 50 60 70
Figure 7.3 Level of Education 
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Uncovering respondents’ feelings particularly toward SLR, respondents were asked if they 
feel of the danger of the SLR where they live. The received responses present in Figure 7.4 reflect 
that 79% of the respondents feel the danger of SLR where they live, while the other 21% do not 
have such feeling.  
 
Figure 7.4 Feeling of Danger of SLR 
 
The time frame in which each of the respondent believe SLR may start to be a real problem 
for their own home and community was expressed in Figure 7.5. 52% of the respondents agree 
that SLR may start affecting where they live in less than 25 years, while 2% believe that SLR will 
never affect their community. 
                      
Figure 7.5 Expected Time Frame of SLR 
79%
21%
Yes
No
19%
52%
23%
4%
2%
Less than 10
years
Less than 25
years
Less than 50
years
100 years
Never
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Exploring the informative channels that help in raising the awareness and updating the 
respondents’ information about climate change; Figure 7.6 presents the informative channels that 
play important role in informing them. 87% of the respondents gain their knowledge and 
information regarding climate change from online resources and websites, followed by 66% gain 
their knowledge through several social media platforms such as; Facebook, Twitter, etc... 
Conferences and Local media such as; local channels on TV are the least. 
 
 
Figure 7.6 Informative Channels 
 
Figure 7.7 reveals the different perception of the respondents when they were asked about 
the role of the public in addressing climate change. The majority (42%) believes the public should 
contact lawmakers and public officials to fight climate change, while only 4% of the respondents 
believe that there is no role for the public to act toward this phenomenon, and that it is the 
government’s own responsibility.  
9%
8%
20%
15%
29%
16%
25%
66%
87%
Local Media (TV)
Conferences
Educational Courses
Social Conversations
News articles
Lectures
Awareness Campaigns
Social Media (Facebook, Twitter,etc..)
The Internet
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Figure 7.7 Role of the public in addressing climate change 
 
Likability scale test is used in the other sections of the questionnaire, to have a reliable 
estimate. Two sections were given; the first section is to explore the knowledge of the respondents 
on climate change and particularly, SLR. This is based on a recommendation done by previous 
research which suggested other studies on climate change should measure the knowledge of 
participants on the subject to uncover the knowledge gap (Lami, 2014; Lorenzoni et al., 2007). 
The second section is to measure the evidence of climate change happening in Alexandria. It worth 
mentioning that in this section some of the thesis questions are answered (Q2,3 and 7). The below 
figures reflect these insights.  
 
 
 
 
 
4%
3%
21%
42%
30%
No role, it is the job of the
government
The public should not be
actively involved but should be
consulted
The public should engage in
raising awareness among
friends,family, and neighbors
The public should contact
lawmakers and public officials
to fight climate change
The public has a duty to be
actively involved in all aspects
for addressing climate change
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First Section: Exploring Knowledge of the Respondents on Climate Change, and 
Particularly SLR. 
 
CCP1: Climate change is a serious problem that requires firm and effective response 
 
Figure 7.8 Climate Change as a serious problem 
The perception towards the climate change as a serious problem that requires firm and 
effective response is high. As shown in Figure 7.8, the majority which is almost 76% of the 
respondent residents strongly agreed that firm and effective response should exist, and climate 
change is a serious problem. 13% of the respondent agreed with the statement, 8% have neutral 
feeling towards the statement. While, only 2% and 1% respectively disagreed and strongly 
disagreed with it.  
 
CCAW1: Climate change will be more harmful to developing countries 
 
Figure 7. 9 Climate change as a harm to developing countries 
Figure 7. 9 shows the level of awareness towards climate change and its impacts on the 
developing world. 65% of the residents strongly believed that climate change will be more harmful 
to developing countries, and 13% agreed with the statement. However, 15% of the respondents 
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found it neutral. Surprisingly, 5% and 2% respectively strongly disagreed and disagreed with the 
statement.  
 
CCAW2: Egypt is one of the countries that will be most affected by climate change  
 
Figure 7. 10 Egypt will be most affected by climate change 
 
Most of the respondents 62% strongly agreed that Egypt is one of the countries that will be 
most affected by climate change, and 15% agreed with the statement. On the other hand, 18% of 
the respondents were neutral in their opinion. 3% and 2%, respectively were strongly disagreeing 
and disagreeing with the statement.  
 
CCAW3: I am aware about how climate change will affect coastal cities in Egypt 
 
Figure 7. 11 Awareness that climate change will affect coastal cities 
 
31% of the respondents strongly agreed that they are aware about how climate change will 
affect coastal cities in Egypt, while 26% strongly disagreed about the statement. 20% were neutral, 
12% agreed while 11% disagreed with the statement.  
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CCP2: Sea-level rise has negative impact on coastal cities in Egypt 
 
Figure 7. 12 SLR has negative effect on coastal cities in Egypt 
 
The majority (69%) of the respondents strongly agreed that SLR has negative impact on 
coastal cities in Egypt. 15% agreed, 13% were neutral, while 4% strongly disagreed.   
 
GP1: I trust the information and data that the Egyptian government provides on the 
environment 
 
Figure 7. 13 Level of Trust towards information and data provided by the Government 
 
In Figure 7. 13, 60% of the respondents strongly disagreed. 19% were neutral, and 17% 
disagreed with the statement. While 2% strongly agreed and agreed.  
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CCP3: Human activity is more responsible for climate change than natural variability  
 
 
Figure 7. 14 Human activity is more responsible for climate change than natural variability 
 
43% of the respondents were neutral when they were asked about human activity to be 
more responsible for climate change than natural variability. 26%, and 23% of the respondents 
strongly agreed and agreed respectively, with the statement.   
 
CCP4: Climate change is the main reason behind the Sea Level Rise and Floods in 
Alexandria 
 
Figure 7. 15 Climate Change is main reason behind SLR and Floods in Alexandria 
 
5% of the respondents strongly agreed with that climate change is the main reason behind 
the SLR and floods in Alexandria. 23% were neutral, and 15% agreed with the statement. On the 
other hand, 4% and 3% disagreed and strongly disagreed respectively.  
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I feel threatened where I live because of the implications of Sea Level Rise  
 
Figure 7. 16 Feeling of Threat due to SLR 
 
49% of the respondents strongly agreed that they feel threatened where they live because 
of the implications of SLR. 23% were neutral and 14% agreed with the statement. However, 10% 
and 4%, strongly disagreed and disagreed respectively.  
 
GP3: Egypt has a clear climate change strategy that protects its coastal zones 
 
 
Figure 7. 17 Egypt Climate Change Strategy is clear and it protects coastal cities 
 
Most of the respondents, 71% strongly disagreed that Egypt has a clear climate change 
strategy that protects its coastal zones. 8% agreed, 19% were neutral, while 2% strongly disagreed.  
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GP4: Egypt has a responsibility to take steps to deal with climate change 
 
 
Figure 7. 18 Egypt's responsibility to take steps for Climate Change 
 
53% of the respondents strongly agreed that Egypt has a responsibility to take steps to deal 
with climate change. 24% were neutral, 11% agreed, while 8% and 4% strongly disagreed and 
disagreed respectively.  
 
CCP5: Dealing with the problem of sea level rise should be given priority 
 
 
Figure 7. 19 Dealing with Climate Change should be priority 
 
50% strongly agreed, 26% were neutral, 19% agreed that SLR should be given priority. 
However, 4% and 1% disagreed and strongly disagreed, respectively with the statement.  
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CCP6: Preparing for the sea level rise will help in saving lives  
 
 
Figure 7. 20 Preparation for SLR will save lives 
 
68% of the respondents strongly agreed that preparing for SLR will help in saving lives. 
15% agreed and 14% were neutral. While 2% and 1% strongly disagreed and disagreed 
respectively. 
 
CCP6: I am prepared to face any climatic threats like Sea Level Rise and Flood 
 
Figure 7. 21 Self preparation to face threats of SLR and Floods 
 
45% of the respondents strongly disagreed when they were asked about their preparation 
to face any climatic threats like SLR and floods. 27% were neutral and 16% disagreed. On the 
other hand, 7% and 5% agreed and strongly agreed, respectively with the statement.  
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Second Section: Measuring the Evidence of Climate Change happening in 
Alexandria 
 
CCE1: Has your community ever experienced a big environmental event? (for instance; 
event that is more intense than normal, and occurs rarely (e.g. a large storm, or floods)) 
 
 
Figure 7. 22 Existing big environmental events 
 
78% of the respondents confirmed that their community has experienced environmental 
events which are more intense than normal. While only 22% did not confirm. The respondents 
were asked to specify these events; more than 90% of the responses was for floods and heavy rains.  
 
CCE2: My coastal region has seen an increase of heavy rains and floods over the last 10 
years 
 
 
Figure 7. 23 Coastal regions and increase of heavy rains and floods 
 
59% of the respondents strongly agreed that their coastal region has seen an increase of 
heavy rains and floods over the last 10 years. 18% agreed, and 15% were neutral. However, 4% 
strongly disagreed and disagreed with the statement. 
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PRP1: The current infrastructure is capable to save my city from SLR and floods 
 
 
Figure 7. 24 The capability of the existing Infrastructure to face SLR and Floods 
 
The majority, 78% strongly disagreed with the above statement and 10% disagreed. While, 
8% were neutral. 1% and 3% of the responds, agreed and strongly agreed respectively, that the 
current infrastructure is capable to save the city from floods.  
 
CCE3: My building is suffering as a result of heavy rains (e.g. erosion, etc.) 
 
 
Figure 7.25 Effect of heavy rains of buildings 
47% of the respondents strongly agreed that their building is suffering from erosion due to 
the heavy rains. 6% agreed, while 19% were neutral. However, 18% of the participants disagreed 
and 10% strongly disagreed with the statement.  
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CCE4: Transportation interruptions happen during flood 
 
 
Figure 7. 26 Transportation interruptions during floods 
 
76% and 13% of the respondents strongly agreed and agreed respectively, when they were 
asked about occurrence of transportation interruptions during floods. 8% were neutral while 2% 
and 1% of the respondents strongly disagreed and disagreed with the statement.  
 
PRP2: During floods and/or heavy rains, I can safely go outside 
 
 
Figure 7. 27 Accessibility and Safety during heavy rains and floods 
 
62% of the respondents strongly disagreed when asked about their accessibility to go safely 
outside during floods and heavy rains. 19% were neutral, 9% disagreed, however 5% strongly 
agreed and agreed with the statement.  
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PRP3: The bridges, dams, & flood barriers near my place work efficiently even during 
rains and floods 
 
 
Figure 7. 28 Efficiency of barriers and dams 
 
63% of the respondents strongly disagreed when then there were asked about the bridges, 
dams, and flood barriers near their place, work efficiently even during rains and floods. 18% were 
neutral and 17% disagreed. On the other hand, 1% strongly agreed and agreed about the efficiency 
of these barriers during rains and flood.  
 
 
PRP4r: During flood and/or heavy rains, my house suffers from regular cutting off the 
electricity 
 
 
Figure 7. 29 Electricity cut off during rains and floods 
 
29% and 23% strongly agreed and agreed respectively, when they were asked about 
electricity cutting off during flood and/ or heavy rains. 21% were neutral, 14% and 13% strongly 
disagreed and disagreed.  
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PRP5r: During flood and/or heavy rains, some of the houses suffer from shortage of clean 
drinking water 
 
 
Figure 7. 30 Shortage of Clean Water during floods and rains 
 
Tackling the issue of water shortage, 39% and 11% strongly agreed and agreed respectively 
that they suffer from clean water shortage during floods and heavy rains. 24% were neutral while 
14% and 12% strongly disagreed and disagreed.   
 
PRP 6: My community is most luckily to be highly impacted by big environmental event 
like Storms and Floods in the next ten years 
 
 
Figure 7. 31Vulnerability of the community in the next 10 years 
 
58% of the respondents strongly agreed that their community is most luckily to be highly 
impacted by environmental events like storms and floods in the next 10 years. 10% only agreed, 
and 21% were neutral. Yet, 4% and 5% strongly disagreed and disagreed respectively with the 
statement.  
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PRP7: There is local emergency-medical service rapidly accessible in the flood and heavy 
rains time 
 
 
Figure 7. 32 Accessibility of local emergency during big events 
 
Most of the respondents 65% strongly disagreed when they were asked about local 
emergency and medical service rapidly accessible in the flood and heavy rains time. 16% 
disagreed, and 16% were neutral. However, 3% strongly agreed and none agreed.  
 
ADA1: A firm retrofitting regulations should be implemented to existing buildings 
(Retrofitting: Modifications to existing buildings to improve its performance and facilities 
for current and future needs) 
 
 
Figure 7. 33 Residence willingness toward retrofitting Regulation 
 
59% strongly agreed that a firm retrofitting regulations should be implemented to existing 
buildings. Also, 15% agreed and 18% were neutral. While, 6% and 2% strongly disagreed and 
disagreed respectively with the statement.  
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ADA2: I am willing to pay charge for retrofitting my building 
 
 
Figure 7. 34 Residence willingness to pay charge for retrofitting 
 
When the respondents were asked about their willingness to pay charge for retrofitting their 
building, 43% were neutral regarding the matter. 32% and 15% strongly agreed and agreed 
respectively. While, 6% and 4% strongly disagreed and disagreed.  
 
 
ADA3: I am willing to accept mandatory flooding insurance to protect my coastal 
properties 
 
 
Figure 7. 35Residence willingness to mandatory flooding insurance 
 
47% of the respondents were neutral when they were asked about their willingness to 
accept mandatory flooding insurance to protect their coastal properties. 28% and 10%, strongly 
agreed and agreed with the statement. However, 7% and 8% strongly disagreed and disagreed. 
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B) INFERENTIAL ANALYSIS: 
Before conducting the inferential analysis, the kind of statistics to be used should be first 
determined. This is done through a visual test of normality using Quantile-Quantile Plots 
comparing the distribution of the data to a normal distribution line. The QQ Plot is used in most 
of the questions.  
 
B.1 TEST OF NORMALITY: 
As mentioned previosuly, normality test was conducted using the Q-Q Plot. The below Q-
Q Plots are presenting the normality tests of the responses recorded from the residents’ sample in 
order to choose parametric or non parametric statistical method to be used.  
The Q-Q Plot in the Figure 7. 36 shows climate change perception of the residents is not 
normally distributed.  
 
 
                               Figure 7. 36 Climate Change Perception (CCP) of residents  
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Also, the Q-Q Plot in Figure 7. 37 is not normally distributed which reveals the Climate 
Change Awareness (CCAW) of the residents. 
 
 
Figure 7. 37 Climate Change Awareness (CCAW) of the residents 
 
The Q-Q Plot in Figure 7. 38 shows the  General Perception (GP) of the residents which is 
not normally distributed. 
 
 
Figure 7. 38 General Perception (GP) of Residents 
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The Q-Q Plot in Figure 7. 39 shows the climate change evidences witnessed by the 
residents which is also not normally distributed. 
 
 
Figure 7. 39 Climate Change Evidence (CCE) from the Residents 
 
The Q-Q Plot in Figure 7. 40 shows the  Preparation for climate change events is not 
normally distributed. 
 
Figure 7. 40 Preparation (PRP) for Climate Change events 
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The Q-Q Plot in Figure 7. 41 shows adaptation for climate change events is not normally 
distributed. 
 
Figure 7. 41 Adaptation (ADA) for Climate Change events 
 
As it can be seen in the above images, the data cannot be described as being normally 
distributed or symmetric.  As such, non-parametric statistical methods will be used for the rest of 
the analysis. 
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B.2) TEST OF CORRELATION FOR ALEXANDRIA RESIDENTS VARIABLES 
In order to understand the relationship between the different variables, a test of correlation 
will be conducted between the different variables.  As such, a Spearman’s Rank Correlation was 
determined as the most suitable technique considering the non-normal distribution of the data.  
Pearson correlation coefficient scale, Table 7. 4 is used to guide in identifying the correlation value 
of each variable (Pearson, 2009).  
 
Table 7. 4 Pearson correlation coefficient scale 
Size of the 
correlation 
Interpretation 
-1 to -0.8 Very Strong Negative Correlation 
-0.8 to -0.6 Strong Negative Correlation 
-0.6 to -0.4 Moderate Negative Correlation 
-0.4 to -0.2 Weak Negative Correlation 
-0.2 to 0.2 Negligible or no Correlation 
0.2 to 0.4 Weak Positive Correlation 
0.4 to 0.6 Moderate Positive Correlation 
0.6 to 0.8 Strong Positive Correlation 
0.8 to 1 Very Strong Positive Correlation 
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Table 7. 5 shows the relationship between each of the variables of the residents’ 
questionnaire. The “RHO” is the correlation coefficient, while “Sig” is the significant  
 
 
Table 7. 5 Relationship between the variables 
Variable  CCP CCAW GP CCE PRP ADA 
CCP RHO - - - - - - 
Sig. - - - - - - 
CCAW RHO 0.57 - - - - - 
Sig. 0.00 - - - - - 
GP RHO -0.61 -0.55 - - - - 
Sig. 0.00 0.00 - - - - 
CCE RHO 0.53 0.63 -0.65 - - - 
Sig. 0.00 0.00 0.00 - - - 
PRP RHO -0.51 -0.55 -0.57 -0.74 - - 
Sig. 0.00 0.00 0.00 0.00 - - 
ADA RHO 0.35 0.28 -0.37 0.37 -0.42 - 
Sig. 0.00 0.00 0.00 0.00 0.00 - 
 
As it can be seen from the previous table, there is a significant correlation (both positive & 
negative between each of the variables (P < 0.05). Some of the interesting relationships are listed 
below: 
- The relationship between Climate Change Awareness (CCAW) and Climate 
Change Perception (CCP) shows; 
Sig = (P <0.05)                            RHO = 0.57 (positive moderate correlation) 
Hence, there is a positive, moderate, significant correlation between CCAW and 
CCP among the residents of Alexandria. 
- The relationship between General Perception (GP) and Climate Change 
Awareness (CCAW) shows; 
Sig = (P <0.05)                            RHO = -0.55 (negative moderate correlation) 
Hence, there is a negative, moderate, significant correlation between GP and 
CCAW among the residents of Alexandria.  
- The relationship between Climate Change Evidence (CCE) and Climate 
Change Awareness (CCAW) shows; 
Sig = (P <0.05)                            RHO = 0.63 (positive strong correlation) 
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Hence, there is a positive, strong, significant correlation between CCE and CCAW 
among the residents of Alexandria. 
- The relationship between Climate Change Evidence (CCE) and General 
Perception (GP) shows; 
Sig = (P <0.05)                            RHO = -0.65 (negative moderate correlation) 
Hence, there is a negative, moderate, significant correlation between CCE and GP 
among the residents of Alexandria. 
- The relationships between Preparation (PRP) and Climate Change 
Awareness (CCAW), General Perception (GP), and Climate Change Evidence (CCE) 
respectively show; 
Sig = (P <0.05)                            RHO = -0.55 (negative moderate correlation) 
Sig = (P <0.05)                            RHO = -0.57 (negative moderate correlation) 
Sig = (P <0.05)                            RHO = -0.74 (negative strong correlation) 
Hence, there is a negative, moderate, significant correlation between PRP and 
CCAW and GP. While a negative, strong, significant correlation between PRP and CCE 
among the residents of Alexandria. 
- The relationships between Adaptation (ADA) and Climate Change 
Awareness (CCAW), Climate Change Evidence (CCE), and Preparation (PRP) 
respectively show; 
Sig = (P <0.05)                            RHO = 0.28 (positive weak correlation) 
Sig = (P <0.05)                            RHO = 0.37 (positive weak correlation) 
Sig = (P <0.05)                            RHO = -0.42 (negative moderate correlation) 
Hence, there is a positive, weak, significant correlation between ADA and CCAW, 
and CCE. While, a negative, moderate, significant correlation between ADA and PRP 
among the residents of Alexandria.  
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B.3 STUDENT’S T-TEST 
In order to determine impact of gender on the different variables, a t-test was used.  
The results are as follows in Table 7. 6. 
 
Table 7. 6 T-Test of Alexandria Residents Gender 
Variable t-Value df p-value 
CCP 34.26 184.72 < 0.01 
CCAW 28.137 152.44 < 0.01 
GP 4.71 163.83 < 0.01 
CCE 26.16 510.44 < 0.01 
PRP 5.545 163.95 < 0.01 
ADA 22.025 148.76 < 0.01 
 
As it can be seen in the above table, there is a significant different between the 
views, awareness and perception between males and females for all the tested variables 
(CCP, CCAW, GP, CCE, & PRP) (P < 0.01). 
 
B.4 CHI-SQUARE TEST  
Based on the nature of the data, it was determined that a non-parametric statistical 
method should be used.  As such, a Chi-Square was used to determine the relationship 
between the variables and the demographics of the respondents.  The results are as follows: 
 
Table 7. 7 Chi-Square Test of Residents Age 
Variable X2 df p-value 
CCP 59.06 68 0.77 
CCAW 23.96 28 0.68 
GP 41.72 44 0.57 
CCE 39.35 40 0.50 
PRP 94.59 68 0.02 
ADA 42.49 48 0.70 
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As it can be seen in Table 7.8 , age does not have any significant impact on the 
responses (P > 0.05) except for the PRP of residents (P < 0.05).  However, this may also 
just be a case of statistical error that may diminish upon further investigation. 
 
Table 7. 9 Chi-Square Test of Residents Education 
Variable X2 df p-value 
CCP 74.09 68 0.29 
CCAW 27.15 28 0.51 
GP 35.17 44 0.83 
CCE 31.75 40 0.82 
PRP 77.27 68 0.21 
ADA 48.37 48 0.46 
 
As it can be seen in the above table, Education does not have any significant impact 
on the responses (P > 0.05).   
7.1.2 ENGINEERS QUESTIONNAIRE 
 
In this questionnaire (Appendix B), two contingency questions were initially asked as well, 
to ensure the reliability and effectiveness of the data. The two-multiple choice contingency 
questions are to validate that respondents are engineers in fields related to the development of 
cities’ built-environment, for instance; architects, environmental, mechanical, electrical power and 
machines, and construction engineers. The second contingency question is to know if they have 
heard about climate change. Only respondents who are from the listed engineering specialty and 
who also have heard about climate change are only considered.  
 
Based on the data gathered, 109 respondents were involved in this questionnaire which was 
available online for 4 weeks on Google Form link. Figure 7. 42 shows that 105 respondents have 
heard about climate change, around 96.3% of the participated sample. While 4 respondents have 
not heard about climate change, hence their answers were dismissed.   
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            Figure 7. 42 Engineers heard about climate change 
 
The second contingency question aims to select engineers who are related to the building 
industry. Among the 105 respondents, 100 engineers were related while the other 5 were not, so 
they were dismissed.  
 
Following the 2 contingency questions, the 100 selected respondents were requested to 
answer number of questions in 6 sections. Section A, where general environmental knowledge and 
concerns are collected. Section B, is to explore and record the knowledge of respondents on climate 
change and sea level rise specifically. While section C, evaluates the proposed design 
consideration for new residential buildings in coastal zones which are at high risk due to SLR. 
Evaluating the main design parameters and consideration for resilient coastal city, is covered in 
section D. Evaluating adaptation and mitigation strategies is presented in section E, and finally 
section F, is to gather more information about the nature of the respondents in order to draw out 
their demographic characteristics including; their gender, age, level of education, and years of 
practice in order to provide quality information for this study.  
 As mentioned previously 100 reliable respondents participated in the questionnaire. 58% 
of the respondents are males while the remaining 42% are females which is a slightly good ratio. 
 
96%
4%
Yes
No
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Table 7. 10 Engineers Gender 
 
 
 
While the age group is presented in the below, and it shows that 61% of the respondents, 
which is the largest participated group, aged between 31- 40 years old, followed by 25% aged 
between 21- 30 years old, while 14% are more than 40 years old. This is an indication that most 
of the participants are in their active years of practice.  
 
Table 7.11 Engineers Age 
Respondents’ Age Range  Percentage of Respondents  
21-30 25 % 
31-40 61% 
More than 40 14% 
 
The level of education was also considered to give a deeper insight about respondent’s 
socio-economic status. As presented in Figure 7.43, 47% of the respondents have obtained a 
bachelor’s degree, 45% have obtained master’s degree, 8% have obtained Post graduate degree. 
The percentage between the bachelor and masters’ holders are very small (2%) which reflects that 
many of the engineers and architects are considering the graduate studies. 
 
Figure 7. 44 Highest Degree of the Engineers 
47%
45%
8%
Bachelor
Masters
Post Graduate
Gender Respondents 
Male 58% 
Female 42% 
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Figure 7. 45 shows that most of the respondents 44 individuals have 5 to 10 years of 
professional practice experience, while 32 and 20 individuals have 11 to 15 and 16 to 20 years 
respectively of professional experience. Only 4 of the respondents have more than 20 years of 
working experience.  
 
Figure 7. 45 Years of Experience 
 
The general environmental knowledge and concerns in Section A, consists of 5 questions 
that help in understanding how respondents think about, obtain their knowledge, and address 
climate change and SLR. 
 
The first question gives a background about the respondents’ affiliation, in other words 
their work place. The aim of the question is to understand if these companies follow certain 
environmental standards or follow certain guidelines and practices that put environmental 
condition like climate change in their consideration in most of their projects. Based on the results, 
59% of the respondents are affiliated with companies that put into considerations environmental 
condition in most of the projects. While 41% are affiliated to companies that do not follow this. 
44%
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Figure 7. 46 Respondents are affiliated to companies follow environmental standards 
 
Figure 7. 47 presents the 6 main regions of Egypt; Greater Cairo Region, Alexandria and 
Delta Region, Suez Canal Region, North Upper Egypt Region, Asyut Region, and South Upper 
Egypt Region. It was given among the questions, in order to know the top 3 Egyptian regions that 
are at most at risk due to the climate change from the perspective of the engineers. 
 
Figure 7. 47 Egypt regional map 
 
Based on the responses, Alexandria and Delta regions are considered to be the most 
affected region to climate change and particularly SLR, followed by Suez Canal and Greater Cairo 
regions respectively.  
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Table 7. 12 Regions high affected by climate change based on the Engineers response 
 
 
The reasons behind their rationale are briefly discussed. Those who agreed that Alexandria 
and Delta and Suez Canal Regions are at the highest risk because of its location and topography. 
Having low elevation, and with the expected increase in SLR, this region will witness catastrophic 
incidents. While other replies mentioned heat waves as one of the climatic threats that are affecting 
the other regions. 
 
While the time frame in which each of the respondents believes SLR may start to be a real 
problem for their own home and community was expressed in Figure 7. 48. 51% of the respondents 
agree that SLR may start affecting where they live in less than 25 years, and 42% believe that their 
community may be affected in less than 50 years. 5% believe that this may affect their lives in less 
than 10 years. Only 2% of the respondents deny SLR to affect their homes and communities.   
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 126 
 
 
Figure 7. 48 Engineers perception about threat of SLR in their communities 
 
Exploring the informative channels that help in raising the awareness and updating the 
respondents’ information about climate change;  
Figure 7. 49 presents the informative channels that play important role in informing them. 
86% of the respondents gain their knowledge and information regarding climate change from 
online resources and websites, followed by 56% gain their knowledge through awareness 
campaigns and 42% from several social media platforms such as; Facebook, Twitter, etc... 
Conferences, Local media such as; local channels on TV, and social conversations are the least 
respectively.  
 
Figure 7. 49 Engineers' informative channels 
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The following sections are based on likability scale test to have reliable estimates. 
Exploring the knowledge of the respondents on climate change and SLR, the below figures reflect 
these insights. The knowledge level was sought to ascertain how this knowledge affects the design 
practices and their level of awareness of climate change generally, and in particular SLR.  
 
CCP1: Climate change is a serious problem that requires firm and effective response 
 
 
Figure 7. 50 Climate change as a serious problem that requires firm response (Engineers 
response) 
 
82% of the engineers who participated in the questionnaire, strongly agreed that climate 
change is a serious that requires firm and effective response. 11% agreed, and 6% were neutral. 
While, 1% disagreed and none strongly disagreed with the statement. 
 
CCAW2: Egypt is one of the countries that will be most affected by climate change  
 
 
Figure 7.51 Egypt is most affected by Climate Change (Engineers Response) 
 
65% of the respondents strongly agreed that Egypt is one of the countries which will be 
most affected by climate change. Also, 22% agreed on that, and 11% were neutral. On the other 
hand, 1% strongly disagreed and disagreed with the statement.  
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CCAW3: I am aware about how climate change will affect coastal cities in Egypt 
 
Figure 7.52 Engineers awareness on how climate change affect coastal cities in Egypt 
31% of the replies strongly agreed, and 12% agreed that they are aware about how climate 
change will affect coastal cities in Egypt. On the other hand, 31% strongly disagree and 6% 
disagree with the statement. While 20% of those who replied were neutral.  
CCP2: Sea-level rise has negative impact on coastal cities in Egypt 
 
 
Figure 7. 53 SLR has negative impact on coastal cities in Egypt (Engineers response) 
 
The majority, 89% and 11% strongly agreed and agreed respectively, that SLR has negative 
impact on coastal cities in Egypt. None strongly disagreed or disagreed on that.  
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GP1: I trust the information and data that the Egyptian government provides on the 
environment 
 
 
Figure 7. 54 Engineers level of trust for the information obtained from Egyptian Government 
 
49% of the respondents strongly disagreed and 21% disagreed when they were asked about 
trusting the information and data provided by the Egyptian government on environmental issues. 
21% of the replies were neutral, while 6% and 3% strongly agreed and agreed respectively with 
the statement.  
CCP3: Human activity is more responsible for climate change than natural variability  
 
 
 
Figure 7. 55 Engineers' perception on human activities to be more responsible for climate change 
than natural variability 
 
49% were neutral when they were asked if human activity is more responsible for climate 
change than natural variability. While 29% of the respondents strongly agreed, and 8% agreed. On 
the other hand, 10% and 4% strongly disagree and disagree respectively.  
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GP2: Egypt has a clear climate change strategy  
 
 
Figure 7. 56 Egypt has clear climate change strategy (Engineers response) 
 
Most of the respondents (64%) strongly disagreed that Egypt has a clear climate change 
strategy. 17% disagreed and 17% were neutral. However, 2% strongly agreed and none agreed. 
GP3: Egypt has a clear climate change strategy that protects its coastal zones 
 
 
Figure 7. 57 Egypt Climate Change Strategy protects coastal zones (Engineers Response) 
 
66% of the respondents strongly disagreed with Egypt to have a clear climate change 
strategy that protects its coastal zones. 15% disagreed as well, while 15% were neutral. On the 
other hand, 2% strongly agreed and agreed with the statement.  
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GP4: Egypt has a responsibility to take steps to deal with climate change 
 
 
Figure 7. 58 Egypt's responsibility to take steps to deal with climate change (Engineers 
Response) 
 
Most of the respondents, 75% strongly agreed that Egypt has a responsibility to take steps 
to deal with climate change. 8% agreed and 6% were neutral. Yet, 7% and 4% disagreed and 
strongly disagreed respectively with that matter.  
CCP4: Dealing with the problem of sea level rise should be given priority 
 
 
Figure 7. 59 SLR should be given priority ( Engineers Response) 
 
60% of the respondents strongly agreed that dealing with the problem of SLR should be 
given priority. 14% agreed, and 22% were neutral. While, 3% and 1% strongly disagreed and 
disagreed respectively.  
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CCP5: Climate change is the main reason behind the Sea Level Rise and Floods in 
Alexandria 
 
 
Figure 7. 60 Climate Change is the reason behind SLR and Flood (Engineers Response) 
 
72% of the respondents strongly agreed that climate change is the main reason behind the 
SLR and Floods in Alexandria. Also, 14% agreed and 12% were neutral. On the other hand, 2% 
disagreed but none strongly disagreed. 
BAW1: I am well informed about the Egyptian Building Codes 
 
 
Figure 7. 61 Awareness about the Egyptian Building Codes 
48% of the respondents find themselves semi-informed about the Egyptian Building Codes. 
26% strongly agreed, and 18% agreed that they are well informed. On the other hand, 3% and 5% 
strongly disagreed and disagreed respectively. 
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BI-PC1: Egypt does not have Building Codes that consider the implication of climate 
change in coastal regions  
 
 
Figure 7. 62 Egyptian Building Codes and implications of climate change on coastal regions 
(Engineers response) 
43% strongly agreed that Egypt does not have building codes that consider the implication 
of climate change in coastal regions. 9% agreed and 33% were neutral. However, 7% and 8% 
strongly disagreed and disagreed with the statement. 
BAW3: My affiliated entity is using international standards and guidelines that consider 
climate change 
 
 
Figure 7. 63 Engineers affiliated entity use international standards that consider climate change 
 
52% of the respondents strongly disagreed, and 14% disagreed when they were asked 
whether their companies are using international standards and guidelines that consider climate 
change. 12% were neutral, while 15% strongly agreed and 7% agreed that their companies use 
international standards and guidelines that consider climate change in its projects.  
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CC-BI-AW1: There is adequate information on climate change implications and its impact 
on buildings in Egypt 
 
 
Figure 7. 64 Availability of information on climate change implications on buildings in Egypt 
(Engineers response) 
 
Regarding the adequate information on climate change implications and its impact on 
buildings in Egypt, 45% of the respondents strongly disagreed and 18% disagreed with the 
existence of such information. While 29% were neutral, 5% and 3% agreed and strongly agreed 
respectively with the statement. 
CCAW4: Sea Level Rise has severe impacts on buildings and infrastructure in coastal 
regions like Alexandria 
 
 
Figure 7. 65 Severity of SLR on Buildings and Infrastructure in Alexandria (Engineers 
Response) 
 
83% of the respondents strongly agreed, and 16% agreed that SLR has severe impacts on 
buildings and infrastructure in coastal regions like Alexandria. However, 1% only who strongly 
disagreed.  
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BI-PC1: The current infrastructure in Alexandria needs to be upgraded to face the floods 
resulting from Sea Level Rise  
 
 
Figure 7. 66 The need to upgrade the infrastructure to face floods resulting from SLR (Engineers 
response) 
87% of the respondents strongly agreed and 12% agreed that the current infrastructure in 
Alexandria needs to be upgraded to face the floods resulting from SLR. While, 1% was neutral. 
Nobody strongly disagreed or disagreed with that.  
BI-PC2: The current infrastructure in Alexandria needs to be upgraded to adapt the floods 
resulting from Sea Level Rise  
 
 
Figure 7. 67 The need to upgrade the infrastructure to adapt floods resulting from SLR 
(Engineers response) 
 
87% of the respondents strongly agreed, and 12% agreed that the current infrastructure 
needs to be upgraded to adopt the floods resulting from SLR. However, 1% was neutral, and 
nobody strongly disagreed or disagreed with that.  
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BI-PC3: A framework and design guideline is needed to assist architects and engineers in 
designing resilient buildings in coastal regions 
 
 
Figure 7. 68 Need for framework and design guideline (Engineers response) 
 
82% strongly agreed, and 10% agreed with the idea of establishing a framework and design 
guideline is needed to assist architects and engineers in designing resilient buildings in coastal 
regions. 8% were neutral while none disagreed or strongly disagreed with the idea.  
BI-AW4: Please list all the existing standards relevant to building and design in your sector 
 
Respondents were asked to list some of the existing standards which are relevant to the 
building’s design, and/or used in their work. Figure 7.69 is the collected data: 
 
Figure 7.69 Existing Standards based on Engineers Knowledge 
As presented, the Egyptian Building Code was mentioned 60 times, while LEED was 
mentioned 18 times. Green Pyramid was listed 7 times, and Ashrae was listed 6 times.  While, 9 
respondents failed to list any.  
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BI-AW5: Do the above-mentioned standards consider sea level rise and floods in new 
and/or existing for resilient housing? 
 
Figure 7. 70 The mentioned standards and SLR 
 
 
Afterward, the respondents were asked to list all potential standards that could support 
climate change adaptation in coastal area to face the SLR and flood. Figure 7. 71 reflects the 
number of responses for the below codes, knowing that only 71% of the respondents were able to 
list these codes while the others referred to some other practices.  
 
Figure 7. 71 Codes mentioned by Engineers 
The other 29 respondents referred to international practices and policies for instance; stop 
construction on the coast directly to avoid any future SLR, constructing dams and bumpers from 
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the occurrence of any rise in the level of the sea and directing the surplus water to other places 
such as; the desert for more efficient and effective use. Also, among the suggestions were, reducing 
pollution to reduce environmental impacts, examine the level of foundation to check with bore 
water level, select building material to avoid erosion and cracks, and relying on flood and flood 
studies. 
The following section was to evaluate the design consideration for the new guideline that 
shall support the new buildings in high risk coastal zones due to the SLR. The following figures 
represent the recorded responses. 
BI-PC4: The new design guideline; should include Building Accessibility 
 
 
 
Figure 7. 72 New design guideline and building accessibility 
 
72% of the respondents strongly agreed, and 18% agreed that the new design guideline 
should include building accessibility considerations. 10% were neutral, while neither did anyone 
disagree nor strongly disagreed with this consideration.  
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BI-PC5: The new design guideline; should include Building Material that involves flood 
proofing techniques 
 
 
 
 
Figure 7. 73 New design guideline and building material 
 
85% of the respondents strongly agreed, and 12% agreed that the new design guideline 
should include building material that involves flood proofing techniques. 3% were neutral, while 
neither did anyone disagree nor strongly disagreed with this consideration.  
BI-PC6: The new design guideline; should include Building External Space Layout 
 
 
Figure 7. 74 New design guideline and building external space layout 
 
72% of the respondents strongly agreed, 16% agreed, and 11% were neutral that the new 
design guideline should include building external space layout. While, only 1% disagreed about 
this consideration and none strongly disagreed.  
 
 
0%
20%
40%
60%
80%
100%
1 2 3 4 5
P
er
ce
n
ta
g
e
1:Strongly Disagree       5:Strongly Agree 
0%
20%
40%
60%
80%
100%
1 2 3 4 5
P
er
ce
n
ta
g
e
1:Strongly Disagree      5:Strongly Agree 
 140 
 
BI-PC7: The new design guideline; should include Building Internal Space 
 
 
Figure 7. 75 New design guideline and building internal space 
 
56% of the respondents strongly agreed, and 10% agreed that the new design guideline 
should have building internal space considerations. 26% were neutral, while 4% strongly disagreed 
and disagreed about the suggestion. 
BI-PC8: The new design guideline; should include Building Energy Efficiency (preserving 
off-grid heating and cooling capabilities) 
 
 
Figure 7. 76New design guideline and building energy efficiency 
 
78% of the respondents strongly agreed, and 16% agreed that the new design guideline 
should have building energy efficiency considerations. 4% were neutral, while 1% strongly 
disagreed and disagreed. 
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BI-PC9: The new design guideline; should include Water Efficiency (usage and harvest) 
 
 
Figure 7. 77 New design guideline and water efficiency 
 
76% of the respondents strongly agreed, 15% agreed, and 6% were neutral that the new 
design guideline should have water efficiency considerations. While, only 2% and 1% disagreed 
and strongly disagreed respectively. 
BI-PC10: The new design guideline; should include Special drilling operation 
 
 
Figure 7. 78 New design guideline and special drilling operation 
 
56% of the respondents strongly agreed, 9% agreed, and 31% were neutral that the new 
design guideline should include special drilling operation. Yet, 3% disagreed and 1% strongly 
disagreed about such consideration. 
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BI-PC11: The new design guideline; should include Pollution and Air Quality Control 
 
 
Figure 7. 79 New design guideline and pollution and air quality control 
 
55% of the respondents strongly agreed, 12% agreed, and 27% were neutral that the new 
design guideline should include pollution and air quality standards. However, only 4% disagreed 
and 2% strongly disagreed about such consideration. 
BI-PC12: The new design guideline; should consider Elevating the lowest floor 
 
 
Figure 7. 80 New design guideline and elevating the lowest floor 
 
61% of the respondents strongly agreed, 19% agreed, and 17% were neutral that the new 
design guideline should consider elevating the lowest floor. While, only 3% disagreed about this 
consideration and none strongly disagreed. 
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BI-PC13: The new design guideline; should include Specifications like Installed alert 
devices, etc.. 
 
 
Figure 7. 81 New design guideline and other specifications 
 
78% of the respondents strongly agreed, 15% agreed, and 4% were neutral that the new 
design guideline should include specifications like installed alert devices. While, only 3% 
disagreed about this consideration and none strongly disagreed.  
BI-PC14: The new design guideline; should have Restrictions on Site Selection 
 
 
Figure 7. 82 New design guideline and site selection and restrictions 
 
79% of the respondents strongly agreed, 14 % agreed, and 7% were neutral that the new 
design guideline should have restrictions on site selection. While, none disagreed or strongly 
disagreed about this consideration.  
Uncovering the design parameters that should be considered to transform the coastal city 
into resilient to smoothly face implications of SLR.  The below figures show the respondents’ 
responses.   
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BI-PC15: The design parameters for coastal cities resilience like Alexandria should include 
constructing hard structures; tide gates, sea walls and break waters 
 
 
 
Figure 7. 83 Design Parameters and Hard Structure 
 
72% of the respondents strongly agreed, 9% agreed, and 15% were neutral that the design 
parameters for Alexandria should include constructing hard structures. While, only 4% disagreed 
and none strongly disagreed.  
BI-PC16: The design parameters for coastal cities resilience like Alexandria should include 
storm water harvesting and roof top rain water harvesting 
 
 
Figure 7. 84 Design Parameters and storm water harvesting 
 
85% of the respondents strongly agreed, 9% agreed, and 5% were neutral that the design 
parameters for Alexandria should include storm and rain water harvesting. While, only 1% 
disagreed and none strongly disagreed. 
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BI-PC17: The design parameters for coastal cities resilience should include shoreline buffer 
zone 
 
 
Figure 7. 85 Design Parameters and shoreline buffer zone 
 
77% of the respondents strongly agreed, 8% agreed, and 13% were neutral that the design 
parameters for Alexandria should include shoreline buffer zone. While, only 2% disagreed and 
none strongly disagreed.  
BI-PC18: The design parameters for coastal cities resilience should include hard (such as; 
sea walls) and/or soft (such as; beach nourishment) landscape elements 
 
 
Figure 7. 86 Design Parameters and hard and soft landscape elements 
 
63% of the respondents strongly agreed, 16% agreed, and 17% were neutral that the design 
parameters for Alexandria should include hard and soft landscape elements. While, 4% disagreed 
and none strongly disagreed. 
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BI-PC19: The design parameters for coastal cities resilience should be able to withstand 
severe storm impacts and endure temporary inundation 
 
 
Figure 7. 87 Design Parameters and temporary inundation 
 
79% of the respondents strongly agreed, 12% agreed, and 9% were neutral that the design 
parameters for Alexandria should be able to withstand severe storm impacts and endure temporary 
inundation. No one strongly disagreed or disagreed about that.  
BI-PC20: The main design parameters for new residential building in coastal region like 
Alexandria should include Flooding Strategies Control 
 
 
Figure 7. 88 Design Parameters and Flood Strategies Control 
 
87% of the respondents strongly agreed, 11% agreed, and 1% were neutral that the design 
parameters for Alexandria should include flooding strategies control. While, only 1% disagreed 
and none strongly disagreed.  
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BI-PC21: The main design parameters for new residential building in coastal region like 
Alexandria should include Climatic Site Analysis 
 
 
Figure 7. 89 Design Parameters and Climatic Site Analysis 
87% of the respondents strongly agreed, 8% agreed, and 5% were neutral that the design 
parameters should include climatic site analysis. No one disagreed or strongly disagreed with this 
consideration. 
The last section of the questionnaire explored and evaluated future elements for any 
adaptation and mitigation strategies; below are the recorded responses.  
BI-PC22: The mitigation strategy should establish minimum performance standards for 
the design and construction of buildings that cover energy 
 
 
Figure 7. 90 Mitigation Strategy and Energy 
 
70% of the respondents strongly agreed, 11% agreed, and 16% were neutral that the 
mitigation strategy should establish minimum performance standards for the design and 
construction of buildings that cover energy. Only 3% disagreed while no one strongly disagreed. 
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BI-PC23: The mitigation strategy should be establishing minimum performance standards 
for the design and construction of buildings that cover water 
 
 
Figure 7. 91 Mitigation Strategy and Water 
 
72% of the respondents strongly agreed, 10% agreed, and 13% were neutral when they 
were asked about establishing minimum performance standards for the design and construction of 
buildings that cover water. 3% disagreed and 2% strongly disagreed with this consideration. 
BI-PC24: The mitigation strategy should be establishing minimum performance standards 
for the design and construction of homes that cover materials 
 
 
Figure 7. 92 Mitigation Strategy and Materials 
 
77% of the respondents strongly agreed, 11% agreed, and 10% were neutral that when they 
were asked about establishing minimum performance standards for design and construction of 
buildings that cover materials. However, 1% disagreed and strongly disagreed. 
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BI-PC25: The mitigation strategy should be establishing minimum performance standards 
for the design and construction of buildings that waste 
 
 
Figure 7. 93 Mitigation Strategy and Waste 
 
59% of the respondents strongly agreed, 7% agreed, and 26% were neutral that when they 
were asked about establishing minimum performance standards for design and construction of 
buildings that cover waste. However, 6% disagreed and 2% strongly disagreed. 
BI-PC26: Safely removing (demolishing) existing properties (buildings) from encroaching 
shorelines should be given priority 
 
 
Figure 7. 94 Mitigation Strategy and Demolishing Properties 
 
44% of the respondents strongly agreed, 5% agreed, and 18% were neutral when they were 
asked about prioritizing the demolishing of existing properties from encroaching shorelines. 
However, 30% strongly disagreed and 3% disagreed. 
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BI-PC27: Retrofitting existing properties (buildings) should be given second priority 
 
 
Figure 7. 95 Retrofitting as second priority 
 
63% of the respondents strongly agreed, 7% agreed, and 16% were neutral about 
retrofitting existing buildings should be given second priority. On the other hand, 12% strongly 
disagreed and 2% agreed.  
B) INFERENTIAL ANALYSIS 
As previously mentioned in the first questionnaire, before conducting the inferential 
analysis, a visual test of normality using Quantile-Quantile Plots is used in most of the questions 
and below are the results.  
B.1 TEST OF NORMALITY 
The Q-Q Plot in Figure 7. 96 shows climate change perception of the engineers is normally 
distributed. 
 
Figure 7. 96 Climate Change Perception (CCP) of Engineers 
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While in Figure 7. 97, the Q-Q plot shows the climate change awareness of the engineers 
is not normally distributed.  
 
Figure 7. 97 Climate Change Awareness (CCAW) of Engineers 
Also, the Q-Q Plot in Figure 7. 98 reflects that the general perception of engineers is not 
normally distributed. 
 
 
Figure 7. 98 General Perception (GP) of Engineers 
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In Figure 7. 99, the Q-Q Plot for building awareness of  engineers is not normally 
distributed. 
 
Figure 7. 99 Building Awareness (BAW) of the Engineers 
 
However, in Figure 7. 100 the Q-Q Plot for building awareness of engineers is normally 
distributed. 
 
 
 
 
 
 
 
 
 
 
Figure 7. 100 Perception towards Building design Preparation and Consideration  (BI-
PC) of the Engineers 
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As it can be seen in the above images, the data cannot be described as being normally 
distributed or symmetric.  As such, non-parametric statistical methods will be used for the rest of 
the analysis. 
 
B.2 CORRELATION MATRIX OF ALEXANDRIA ENGINEERS RESPONSES 
In Table 7.13, a correlation matrix of the variables of the architects and engineers’ 
questionnaire was conducted.  As it can be seen, there are significant relationships (both positive 
and negative) between all the variables (P < 0.05).   
 
Table 7.13 Correlation Matrix of Alexandria Engineers 
Variable  CCP CCAW GP BAW BIPC 
CCP RHO - - - - - 
Sig. - - - - - 
CCAW RHO 0.50 - - - - 
Sig. 0.00 - - - - 
GP RHO -0.47 -0.46 - - - 
Sig. 0.00 0.00 - - - 
BAW RHO -0.31 -0.43 0.33 - - 
Sig. 0.00 0.00 0.00 - - 
BIPC RHO 0.39 -0.40 -0.32 -0.37 - 
Sig. 0.00 0.00 0.00 0.00 - 
 
Some of the interesting relationships are listed below: 
- The relationship between Climate Change Awareness (CCAW) and Climate 
Change Perception (CCP) shows; 
Sig = (P <0.05)                            RHO = 0.50 (positive moderate correlation) 
Hence, there is a positive, moderate, significant correlation between CCAW and 
CCP among the engineers and architects. 
- The relationship between General Perception (GP) and Climate Change 
Awareness (CCAW) shows; 
Sig = (P <0.05)                            RHO = -0.46 (negative moderate correlation) 
Hence, there is a negative, moderate, significant correlation between GP and 
CCAW among the engineers and architects.  
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- The relationship between Building Awareness (BAW) and Climate Change 
Awareness (CCAW) shows; 
Sig = (P <0.05)                            RHO = -0.43 (negative moderate correlation) 
Hence, there is a negative, moderate, significant correlation of between BAW and 
CCAW among the engineers and architects. 
- The relationship between Building Awareness (BAW) and General 
Perception (GP) shows; 
Sig = (P <0.05)                            RHO = 0.33 (positive weak correlation) 
Hence, there is a positive, weak, significant correlation between BAW and GP 
among the residents of the engineers and architects. 
- The relationships between Building Design Preparation and Consideration 
(BIPC) and Climate Change Awareness (CCAW), General Perception (GP), and Building 
Awareness (BAW) respectively show; 
Sig = (P <0.05)                            RHO = -0.40 (negative weak correlation) 
Sig = (P <0.05)                            RHO = -0.32 (negative weak correlation) 
Sig = (P <0.05)                            RHO = -0.37 (negative weak correlation) 
Hence, there is a negative, weak, significant, correlation between BIPC and 
CCAW, GP, and BAW among the engineers and architects. 
- While the relationship between Building Design Preparation and 
Consideration (BIPC) and Climate Change Perception (CCP) shows; 
Sig = (P <0.05)                            RHO = 0.39 (positive weak correlation) 
Hence, there is a positive, weak, significant correlation between BIPC and CCP 
among the engineers and architects.  
 
To determine whether the different recommendations for how to prepare for climate 
change according to experts were related to each other, a further correlation matrix was 
conducted with the individual questions of the BIPC variable. Table 7.14, shows such 
relation.  
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Table 7.14 Correlation Matrix for BIPC variables 
 BIPC1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 
BIPC2 0.81 - - - - - - - - - - - - - - - - - - - - - - - - - - 
BIPC3 0.41 0.46 - - - - - - - - - - - - - - - - - - - - - - - - - 
BIPC4 0.17 0.23 0.11 - - - - - - - - - - - - - - - - - - - - - - - - 
BIPC5 0.43 0.51 0.35 0.46 - - - - - - - - - - - - - - - - - - - - - - - 
BIPC6 0.23 0.36 0.22 0.35 0.44 - - - - - - - - - - - - - - - - - - - - - - 
BIPC7 0.03 0.13 0.05 0.29 0.23 0.47 - - - - - - - - - - - - - - - - - - - - - 
BIPC8 0.06 0.06 0.03 0.35 0.42 0.38 0.63 - - - - - - - - - - - - - - - - - - - - 
BIPC9 0.12 0.03 0.05 0.24 0.31 0.49 0.53 0.75 - - - - - - - - - - - - - - - - - - - 
BIPC10 0.02 0.08 0.14 0.38 0.33 0.45 0.74 0.54 0.53 - - - - - - - - - - - - - - - - - - 
BIPC11 0.04 
-
0.01 
0.01 0.37 0.20 0.35 0.71 0.54 0.56 0.77 - - - - - - - - - - - - - - - - - 
BIPC12 0.11 0.24 0.20 0.31 0.44 0.46 0.58 0.38 0.39 0.61 0.52 - - - - - - - - - - - - - - - - 
BIPC13 0.44 0.53 0.22 0.43 0.70 0.61 0.20 0.30 0.34 0.26 0.26 0.36 - - - - - - - - - - - - - - - 
BIPC14 0.20 0.36 0.22 0.46 0.54 0.40 0.39 0.33 0.23 0.36 0.39 0.47 0.56 - - - - - - - - - - - - - - 
BIPC15 0.19 0.32 0.20 0.14 0.36 0.43 0.43 0.23 0.14 0.30 0.20 0.32 0.38 0.30 - - - - - - - - - - - - - 
BIPC16 0.24 0.31 0.19 0.23 0.45 0.39 0.35 0.29 0.39 0.38 0.27 0.40 0.38 0.22 0.30 - - - - - - - - - - - - 
BIPC17 0.11 0.17 0.13 0.14 0.34 0.37 0.35 0.26 0.28 0.42 0.28 0.39 0.32 0.26 0.51 0.41 - - - - - - - - - - - 
BIPC18 0.19 0.31 0.16 0.19 0.31 0.50 0.52 0.28 0.28 0.45 0.43 0.47 0.32 0.33 0.62 0.34 0.61 - - - - - - - - - - 
BIPC19 0.21 0.27 0.23 0.19 0.47 0.34 0.33 0.33 0.28 0.33 0.25 0.45 0.43 0.34 0.51 0.45 0.73 0.65 - - - - - - - - - 
BIPC20 0.45 0.54 0.37 0.33 0.66 0.32 0.09 0.12 0.12 0.20 0.22 0.36 0.67 0.46 0.23 0.41 0.33 0.29 0.50 - - - - - - - - 
BIPC21 0.36 0.55 0.24 0.21 0.52 0.30 0.13 0.12 0.11 0.13 0.16 0.38 0.52 0.28 0.27 0.50 0.43 0.34 0.46 0.66 -  - - - - - 
BIPC22 0.38 0.44 0.26 0.27 0.37 0.26 0.22 0.23 0.28 0.20 0.23 0.16 0.42 0.38 0.24 0.20 0.04 0.23 0.18 0.29 0.22 - - - - - - 
BIPC23 0.36 0.40 0.23 0.25 0.34 0.23 0.22 0.21 0.30 0.22 0.23 0.10 0.40 0.35 0.25 0.23 0.05 0.21 0.16 0.26 0.19 0.96 - - - - - 
BIPC24 0.43 0.50 0.26 0.22 0.51 0.24 0.17 0.31 0.11 0.11 0.11 0.16 0.39 0.27 0.28 0.22 0.14 0.20 0.19 0.38 0.31 0.68 0.64 - - - - 
BIPC25 0.27 0.29 0.28 0.21 0.21 0.19 0.32 0.34 0.34 0.23 0.40 0.23 0.26 0.29 0.21 0.11 0.07 0.31 0.18 0.19 0.23 0.72 0.69 0.56 - - - 
BIPC26 0.00 0.03 0.26 0.22 0.06 0.24 0.54 0.43 0.35 0.55 0.44 0.27 0.06 0.15 0.36 0.18 0.24 0.39 0.31 
-
0.07 
-
0.06 
0.20 0.21 0.07 0.31 - - 
BIPC27 0.28 0.33 0.33 0.20 0.40 0.31 0.22 0.21 0.20 0.17 0.05 0.18 0.36 0.23 0.20 0.19 0.25 0.17 0.28 0.27 0.19 0.29 0.24 0.43 0.16 0.36 - 
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Some of the interesting relationships that need to be considered in designing and 
developing the framework and guideline for buildings in Alexandria are listed below: 
-  There is a positive, very strong, significant correlation (RHO = 0.81) between Adaptation 
and Mitigation that needs to be considered in the guideline.  
- There is a positive, weak, significant correlation (RHO = 0.17, RHO = 0.23) between 
Accessibility and Adaptation and Mitigation of the infrastructure. 
- There is a negligible correlation (RHO = 0.11) between the needed framework that shall 
assist the architects and engineers in designing resilient buildings in coastal cities and 
Accessibility. 
- There is a positive, strong, significant correlation (RHO = 0.75) between Energy Efficiency 
and Water Efficiency. 
-  There is a positive, strong, significant correlation (RHO =0.71) between Pollution and Air 
Quality and Building Internal Space. 
- There is a positive, weak, significant correlation (RHO= 0.2) between the need for 
framework that shall assist the architects and engineers in designing resilient buildings in 
coastal cities and elevating the lowest floor.  
- There is a positive, strong, significant correlation (RHO= 0.61) between installing certain 
equipment like, installed alert devices and considering building external spaces layout.  
- There is a positive, moderate, significant correlation (RHO=0.47 & RHO= 0.56) between 
site selection, elevating the lowest floor, and installing alerts devices.  
-  There is a positive, moderate, significant correlation (RHO=0.51) between designing 
shoreline buffer zones and constructing hard structure; tide gates, sea walls and break 
waters. 
- There is a positive, strong, significant correlation (RHO= 0.62 &RHO=0.61) between 
designing hard and soft landscape elements and constructing hard structures and shoreline 
buffer zone. 
- There is a positive, strong, significant correlation (RHO=0.66) between climate site 
analysis and flooding strategies control.  
- Addressing mitigation strategy, there is a positive, very strong, significant correlation 
(RHO=0.96) between considering minimum performance standards for the design and 
construction of homes that cover water, and the ones which cover energy. Also, there is a 
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positive, strong, significant correlation (RHO= 0.68) between the minimum performance 
standards of material and energy.  
 
B.3 STUDENT’S T-TEST 
A t-t test was used in order to determine impact of Gender on the different variables. The 
results are as follows in Table 7. 15. 
 
Table 7. 15 T-Test of Engineers Gender 
Variable t-Value df p-value 
CCP 40.74 197.92 < 0.01 
CCAW 30.51 174.16 < 0.01 
GP 3.074 170.11 < 0.01 
BAW 13.271 143.62 < 0.01 
BIPC 47.745 193.93 < 0.01 
 
In Table 7. 15, it can further be seen that there is a significant impact of Gender on the 
responses, with the Engineers and Architects (P < 0.01). 
 
B.4 CHI-SQUARE TEST  
The Chi-Square was used to determine the relationship between the variables and the 
demographics of the respondents.  The results are as follows: 
 
Table 7.16 Chi-Square Test of Engineers Age 
Variable X2 df p-value 
CCP 26.17 44 0.99 
CCAW 28.94 32 0.62 
GP 31.30 44 0.92 
BAW 27.91 32 0.67 
BIPC 106.28 108 0.53 
 
As it can be seen in the Table 7.16, Age does not have any significant impact on the 
responses (P > 0.05).  However, this may also just be a case of statistical error that may diminish 
upon further investigation. 
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Table 7. 17 Chi-Square Test of Engineers Education 
Variable X2 df p-value 
CCP 64.68 44 0.02 
CCAW 40.24 32 0.15 
GP 45.03 44 0.43 
BAW 23.33 32 0.87 
BIPC 106.49 108 0.52 
 
As it can be seen in the Table 7. 17, Education does not have any significant impact on the 
responses (P > 0.05) except for the CCP of engineers (P < 0.05).  However, this may also just be 
a case of statistical error that may diminish upon further investigation. 
 
Table 7. 18 Chi-Square Test of Engineers Experience 
Variable X2 df p-value 
CCP 36.75 33 0.30 
CCAW 37.52 24 0.04 
GP 25.58 33 0.82 
BAW 24.50 24 0.43 
BIPC 70.47 81 0.79 
 
As it can be seen in Table 7. 18 , Experience was found to have a significant impact only 
on the variable CCAW (P < 0.05). 
7.2 QUALITATIVE ANALYSIS  
In this research, 10 interviews were conducted with several professionals to address the 
study’s questions, and to have some insights on the questionnaires’ findings in order to verify the 
data and reach to proposed framework of the design guide that related to the purpose of this study. 
The identity of all the participants is to remain confidential to establishing trust between the 
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researcher and the interviewees. Letters and numbers were used as a key to replace the names of 
the participants. 
 
The processes for the interview data included; recording, translation, transcribing, and 
giving thematic codes for the analysis. Each interviewee was assigned an identification label and 
a number. Table 7. 19 presents the labels which were used. A typical identification is; BP1, NGO1, 
and GOV1 which represents the opinion of interviewee 1 who is a building professional, 
interviewee 1 who is working in an NGO and interviewee 1 who is a governmental representative.  
 
Table 7. 19 Label of Interviewees Background 
Label  Identification  
BP Building Professional 
NGO Non-Governmental related to Climate Change 
GOV Governmental Institute related to Climate Change  
 
The analysis has been divided into themes listed below 
 
 Knowledge and Information   
 Views on Governmental efforts  
 Measures, Policies and Practices  
 Design Parameters   
 Design Guideline for Professionals 
 
7.2.1 KNOWLEDGE AND INFORMATION 
 
All the interviewees agreed that climate change is a key environmental threat worldwide, 
and not only Egypt. The sources that contribute to the phenomenon were not all the same. The 
opinions were all focused on two main reasons; human activities to be the main contributor, while 
the other opinion believes that it`s a mix between natural changes that`s happening in the 
atmosphere, and the man-made activities which increased the percentage of GHG leading to 
change in the climate.  
When they were asked about the knowledge and information, professionals and experts 
have, they all agreed that the shared knowledge is not debatable, yet this knowledge were obtained 
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through their professional practices in different areas. Climate change topic is quite huge and it 
lacks experts who are specialized in. Some of the responses highlighted the outdated curriculum 
which does not address environmental threats, especially climatic ones like SLR, and how regions 
like Alexandria and Delta can face this threat without big losses.  
Another question was exploring the warning systems in Egypt during extreme events and 
floods, just to understand how the information and knowledge about events are shared. All the 
responses confirmed the weakness of such system, and it`s important for the government to 
establish a warning system where all the related entities, work closely to face any kind of threats 
that can affect communities  
Sample of these responses are below;  
BP1: “I graduated in 1990, the first time I heard about climate change when I was attending 
masters’ studies in Canada in 1998. At that time, my colleagues were talking about techniques on 
energy and water efficiency, and the importance of recycling materials to reduce emissions [..] 
many terminologies which I was not aware of during my undergraduate studies” 
BP2: “The first time I took into my consideration environmental challenges, was when I 
worked for a big construction company in UAE in 2006. People were talking about LEED, and 
there were many practices we had to follow in order to meet the criteria the client was aiming for” 
GOV2: “we have limited resources, of course warning system is important but given the 
fact that climate change is a new concern, we still exploring how to have an integrated warning 
system [..] most of the residents know about flooding and raining ‘Nawaat’ time, because it is a 
seasonal event, sometimes when an extreme event occur, it occurs in the same season [..] of course, 
something like Egyptian Meteorological Authority informs the residents about sudden change in 
weather or precipitation [..]” 
 
7.2.2 VIEWS ON GOVERNMENTAL EFFORTS  
NGO2: “we lack integration [..] every ministry has its own strategy to address climate 
change [..] climate change should not be addressed this way as it needs integration between the 
affected sectors, especially that some sectors are related to one another like the water, energy and 
the food. Also, the Ministry of Housing, Utilities and Urban Development, and the Egyptian 
General Authority for Shore Protection [..] the problem is each of these entities has a sectorial 
strategy and not a holistic strategy where all the related entities work together” 
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NGO3: “Unfortunately, Egypt`s strategy 2030 does not have climate change as an 
independent aspect that needs attention [..] the government has signed many agreements and 
conventions, like many others, but sometimes it gives the impression that we never work unless 
we are asked to deliver something [..] the number of policies and reports established are numerous, 
yet looking at what is really implemented on the ground and the effort, you find nothing, they are 
not really activated, and most of the recommendations in the reports are repeated, in other words, 
they lack implementation  [..]  
BP2: “I cannot claim that the government has undertaken any efforts in this matter [..] for 
us, we follow the national buildings code we have in building our touristic resorts along the 
Mediterranean [..] we did not receive any notification about any high risk coastal areas though like 
any other Egyptian, we heard about expected SLR but we do not know what is expected from us, 
or what we should do [..] there is no special building codes or practices for Alexandria” 
BP2: “we get official approvals on our development projects and never been asked about 
any future considerations about implications of SLR or climate change on our resorts along the 
Mediterranean [..] 100m is the minimum distance between the shoreline and the building”  
BP3: “when there is a problem related to this matter, the company should work for a 
solution, and propose it to the Shore Protection Authority to have an approval [..] but they never 
provide guidance to the development companies on related projections for SLR that may occur in 
10 or 20 years [..] to have this data, which is related to the SLR, wave heights, tidal measurements, 
etc.  you have to pay money to have access, do the design on your own, and then return back to 
the authority to have an approval [..]”  
 
7.2.3 MEASURES, POLICIES AND PRACTICES  
Uncovering the current measures, policies and practices, all the interviewees agreed that 
there are several policies established but they are not effectively implemented. Egypt has signed 
Paris Agreement and it has to reduce its GHG, a reason why mitigation is one of the main focus 
now.  As for the adaptation, only hard measures like building wave barriers, and breakers are built.  
NGO1: “Implementers prefer mitigation more than adaptation. [..] the only adaptation 
work that has been undertaken is hard structure, dams and barriers. However, we can note ignore 
the soft one as it`s the key role to sustain the community” 
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NGO2: “Honestly, I see Egypt implementing very weak, poor mitigation plan. We are not 
heavy GHG emitters, however it`s good to see the government taking actions to reduce this 
percentage, but not all the practices and decisions were well studied [..] switching cement factories 
from natural gas to coal is a disaster. The whole world knows the damages of coal, why are we 
taking such back-step, nobody knows. Also, we import coal, so it is not something that we have 
already. This adds huge burden on our economy and environment, shouldn`t this be more towards 
shifting to renewables and encouraging renewable investments” 
GOV1: “Most of the work done is mitigations, there are many policies established to face 
the challenge of climate change in different sectors like; water, tourism, energy, health, etc. [..] 
there are very few adaptation work which are localized like the recycling water for irrigation in 
some parts” 
BP3: “As far as I know, all the actions that have been considered to face SLR are all for 
protection [..] nothing to move to green infrastructure” 
 
7.2.4   DESIGN PARAMETERS 
Believing on the significance of involving professionals and related experts in this matter, 
interviewees were asked to mention some of the design parameters that should be considered. The 
majority agreed on the following;  
 Material  
 Accessibility 
 External and Internal space  
 Water Efficiency  
 Energy Efficiency  
Interviewees’ responses agreed that material selection is important as it can help in 
providing a comfort environment to the occupants. Also, the material is in the front line, and 
it is easily affected by the weather conditions and by time climatic changes. Below are quoted 
parts of some of the responses by the building professionals; 
BP1: “All the buildings in Alexandria suffers from erosion and some are threatened 
from the rising ground water and by time, these can cause buildings and infrastructure 
failure” 
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BP3: “I believe selecting the right material can reduce the risk and the damages 
that can affect the buildings, also sometimes the material section can help in reducing the 
usage of AC, so by this way reducing the amount of GHG” 
 
BP1: “climatic studies and data will definitely help in understanding these changes 
and provide best solutions [..] at least these data will help in reconsidering building in some 
areas”  
BP3: “climatic data is available, and they are very useful but not everyone knows 
that such data is there [..]you have to buy them from the Shore Protection Authority [..] 
only it is requested, if the project is funded by international body like the World Bank as 
part of the environmental studies [..] energy is also important, since many countries are 
reducing their GHG, and at the same time we are expecting an increase temperature , we 
need to find ways to reducing AC usage, and moving to solar panels and other source of 
renewables in electricity and heating. [..] there are also some traditional techniques like 
having internal courts that allows air circulation inside the building” 
NGO3: “Climatic, Site and Flood analyses are very important. Understanding the 
site, will help the investor and contractor to know the challenges they have and will face in 
the future. [..] it may also open research channels and collaboration [..] beside saving huge 
investments and avoid economical losses” 
GOV2: “perhaps what needs attention is investing more into obtaining knowledge 
in energy and water sector since these two sectors are related and there are possibility 
residents may suffer of their shortage during extreme events [..]” 
7.2.5 DESIGN GUIDELINE FOR PROFESSIONAL  
The question was asked to explore the level of acceptance among professionals in using 
such guideline and framework. All the professionals showed an interest and willingness to use. 
BP1: “certainly, it is a welcome idea especially that we are all using the Egyptian 
Building Code which lacks sustainable consideration. [..] it should give the client more 
value for their money and comfort” 
BP2: “it will help in solving the challenges we have here in Alexandria. There are 
many things to be done to save this city, which means new opportunities. Having this guide 
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should help many to build not only for Alexandria but for many coastal cities which have 
common features and almost have the same threats”  
BP3: “it`s a good idea but has to be accessible to everyone, and not so complicated 
or expensive [..] also students at the university should be familiar with, since they will be 
the one responsible for the implementation when they graduate [..] regular updates about 
climatic changes should reflect on this guide.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 165 
 
CHAPTER 8: ANALYSIS AND DISCUSSION  
 
The main aim of this thesis is to establish recommendations that can support in designing 
guideline to assist architects and engineers in designing sustainable buildings for coastal cities 
while considering climatic challenges, specifically the SLR, and foods at local level. As such, will 
offer those who are involved in this sector the opportunity to use sustainable practices for buildings 
with respect to climatic threats that affect coastal cities’ built environment and buildings. In 
addition, provide policy makers with insight that reinforce Climate Change Strategy for the 
Building sector in Egypt. This chapter is a corollary to chapters five and seven where the 
methodological study and framework are covered, and the data, analysis and findings are 
established.  
In this chapter, the findings for both questionnaires, and interviews are discussed in 
subsections to maintain level of sequential agreements and clarity. In subsection 8.1, discussion 
covering the knowledge and information about climate change and SLR. Subsection 8.2, reflects 
the evidence and impacts of climate change, specifically the SLR in Alexandria. Subsections 8.3, 
8.4, and 8.5 discuss; design parameters, potentials for a design guide and framework addressing 
SLR in Alexandria, and role of governance and policy. Finally, 8.6 reflects the role of public in 
addressing the phenomena.  
8.1 KNOWLEDGE AND INFORMATION 
 
Knowledge acquisition and relevant information are important in identifying the problem 
and the current gaps. Once the problem and gaps are identified, effective solutions can be proposed 
for decision making. It is noted that climate change information and knowledge are key factors to 
understand and tackle climate change problems in local level (World Bank, 2009). Other literature 
highlights the need to have updated knowledge amongst the built environment professionals to 
face the climatic challenges, especially the SLR. There are not available studies that 
comprehensively examine the practices that support in reducing the impact of SLR and floods on 
built environment and buildings in the coastal cities. However, there are limited studies examine 
the impact of SLR on infrastructure. Also, other studies provide some data about the different 
scenarios of the rise in the sea level in coastal zones like, Alexandria and Delta regions, and Suez 
Canal region. However, very limited ones highlight the financial losses resulting. 
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As it has been presented in the previous chapter, education and age do not have any 
significant on the responses. The internet and social media play important role in sharing the 
knowledge and information about climate change and SLR among both; residents of Alexandria, 
and engineers and architects. Still, these references are not accurate, well informative, and cannot 
support engineers, and architects in their design and building’s decisions. Information and data 
provided by the Egypt government are not reliable and clearly delivered. For this reason, it is not 
trusted. Egyptian Climate Change Strategy that protects the coastal zones has been seen as unclear 
and ineffective which may be the reason why both target groups; residents and professionals, do 
not rely on.  
The obtained knowledge from social media and internet, as well as their living experience 
and witness on climatic change conditions, provide the residents with solid knowledge about the 
matter. Although climate projections reflect significant adverse impacts, the topic of climate 
change is politically avoided and this may highlight the reason behind relying more on unofficial 
channels (Finaz, 2015). It is worth to mention, an interesting part of the analysis which shows the 
correlation between the knowledge of residents and the current preparation, the more the residents 
become aware of climate change, the more they understand that the current preparation are not 
sufficient to address the problem. This confirms the gaps in the strategy that needs to be tackled 
and the problem of missing a clear plan where responsibilities of related bodies are clearly 
addressed with actions, activities, timeline and budget. 
Educational institutes are not delivering updated knowledge and information in the matter 
of climate change and SLR. Looking back to results of the questionnaires, and the interviews, they 
reflect gap in the educational system. Also, it is concluded from the previous analyses that 
education does not have any significant impact on the engineers and architects except for 
developing their perception about the problem. Despite the high percentage of engineers who 
obtained their master’s degree, and being in their active years of practices, many are semi- 
informed about the Egyptian building code, and they are not considering environmental aspects in 
their design. Nonetheless, the study reveals that more than 90% are encouraging the design of 
framework and guideline that supports engineers, and architects in coastal building’s design. These 
confirms that Egypt already suffers from low technical capacity and low community resilience to 
cope with extreme events (Mohamed El Raey, 2010). 
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8.2 EVIDENCE AND IMPACTS OF CLIMATE CHANGE & SEA 
LEVEL RISE IN ALEXANDRIA 
 
Though the Egyptian government stated in its National Climate Change Strategy that “no 
study has confirmed any notable imbalance of the prevailing natural events, including 
temperatures, winds, waves, hurricanes, and winter storms” (The Egyptian Cabinet Information & 
Decision Support Center, 2011). Evidence and impacts of climate change and SLR in Alexandria 
is not debatable. Many studies and reports have confirmed the evidences and threat of SLR on the 
city’s sustainability (M El Raey, Ahmed, & Korany, 1999; M. El Raey, Nasr, Frihy, Desouki, & 
Dewidar, 1995; El-Nahry & Doluschitz, 2010; Frihy, 2003; M.Ali & El Magd, 2016; Steen, 2007). 
This contradicts the strategy, where many sectors like; fisheries, agriculture, energy, water 
resources and irrigation, health, and tourism are included and identified as affected due to climate 
change. Over 75% of the residents confirmed that more intense than normal events over the last 
10 years have been occurring, for instance; heavy rains and floods. Moreover, they confirmed that 
such events have high negative impacts on the built environment such as; buildings, infrastructure, 
and other services that directly and indirectly affect the residents. As for the buildings, heavy rains 
and other climatic factors have increased the erosion and collapse of buildings which was also 
confirmed in the interviews. Apart from the occurrence of these extreme events, the existing urban 
hydraulic network of canals and drainage infrastructure in the city is poor, weak as they have not 
been designed to accommodate the large volume of water resulting from such events. Also, the 
inefficient flood barriers are no longer able to adapt the climatic change and SLR. These are main 
reasons behind the water shortage and roads cut off.  
 Seasonal regular floods drastically interrupt transportation, and hinder the accessibility of 
local emergency medical service. It is worth to mention that during such events, buildings suffer 
from regular cutting off electricity and clean water shortage. In addition, residents cannot safely 
go outside of their buildings. These confirm the data in the literature highlighting the death 
incidents during these events.  
Findings from the analysis validate the evidences and reflect the high vulnerability of 
Alexandria community. Also, it highlights that the conflict of information between studies, 
witnessed evidences, and the government. Hence, it was important to ask the residents to share 
their experience during such events.  
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8.3 DESIGN CONSIDERATION FOR BUILDINGS FOR A RESILIENT 
COASTAL CITY 
 
Decisions for design parameters to have sustainable buildings in coastal region under 
climatic threat like SLR, are dependent on their locations, climatic analysis,  and the application 
of the design features (Allu, Ebohon, & Taki, 2013). For the case of Alexandria, the proposed 
parameters are to be considered;  
- Building Accessibility: Engineers did not consider building accessibility as a 
parameter that is needed in the design guide. This highlights the unawareness about 
accessibility and safety measurements which have to be included in design. Also, 
it reflects the exclusion of some people like; old and people with special needs in 
the design consideration.  
- Material Selection: Based on the analysis, buildings were affected by the 
implications of climate change. It was confirmed that the coastal buildings suffer 
from very common problems; undermining and destruction of foundations which 
may lead to structure failure, and salt spray affecting most of the material’s 
durability. Hence, these two main problems have to be taken in consideration when 
developing design guide for new buildings in coastal cities. Also, the analysis 
proved the correlation between material selection and energy efficiency. Selecting 
the right material plays big role in isolating the climatic condition and providing 
internal comfort to the occupants. This will reduce the usage of air conditioning for 
heating and cooling in different seasons.  
- External and Internal Layout Space: External layout space always acts as the 
first defender for rain run-off, flash floods, and SLR. Based on the site location, 
and the expected threat, adaptive and designs can be proposed. Thus, there is a 
strong correlation between adaptation and external layout spaces. As for the internal 
space, it has been considered strongly related to air quality. This emphasizes the 
importance of considering natural ventilation and air circulation.  
- Water Efficiency: All the respondents and interviewees agreed that water 
efficiency is vital and should be considered in the design. This may be because of 
the recent fear related to water shortage and the crisis that Egypt is expecting after 
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building the Ethiopian dam “Al Nahda”. Also, respondents mentioned that they 
suffer from clean water shortage during extreme events. Based on the literature, 
SLR will also negatively affect the availability of clean water. For this reason, 
adopting practices for water efficiency such as; applying rainwater harvesting 
systems, grey water reuse, and using water saving devices. 
- Energy Efficiency: All the respondents and interviewees emphasized the 
importance of considering energy efficiency in the design, since energy contributes 
with more than 40% of the GHG emission. Professionals suggested following 
environmental and sustainable practices that can reduce the use of energy and 
electricity, specially reduce the usage of air conditioning, applying solar panels, 
applying solar facades, and shifting to renewables.  
It is important to mention that the strong correlation between energy and water 
efficiency. This is due to the awareness among the Egyptians in these two sectors 
and how it can affect the national security. For this reason, almost all the 
respondents were looking forward for practices that can save energy and water such 
as; harvesting rainwater, recycling the waste water for irrigation, and considering 
internal space for air circulation. 
- Elevating Lowest Floor: The concept is quite unfamiliar among the professionals 
due to the lack of knowledge in global adaptation practices, hence it was not 
supported. Yet, in the literature elevating lowest floor is highly encouraged 
specially for new buildings design.  
- Site Selection and Analysis: Professionals confirmed that site selection is an 
important design parameter in the design guideline. This approves the literature that 
design, adaptation and mitigation practices are all related to the site. Each site has 
its own challenge climatic condition, land character, and functionality.  
8.4 DESIGN PARAMETERS FOR RESILIENT CITY  
 
The strong, significant correlation between site analysis and flood strategies design 
parameters for resilient coastal city, as confirmed in the analysis and literature should have in its 
consideration, climate site analysis and clear flooding strategies control in order to prevent and/or 
reduce climate change impacts. The site analysis will help in designing and planning for the best 
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adaptive options and strategies as well as assist in establishing an early warning system for floods 
or any extreme events. 
8.5 ADAPTATION AND MITIGATION STRATEGIES 
 
Appropriate adaptation practices differ from site to another, depending on the 
environmental and socioeconomic circumstances (El-Nahry & Doluschitz, 2010). Thus careful 
studies are required to assess possible impacts and to identify suitable adaptation options. Despite 
the several policy plans and the number of governmental agencies responsible for the integration 
of climate change into the national policy agenda, Egypt lacks a significant legal framework for 
climate change adaptation and mitigation measures (Nachmany et al., 2015). This was confirmed 
from the interviews; Egypt is focusing only in the mitigation through establishing regulations and 
policies to reduce GHG emissions. In the profile which was prepared for the World Summit on 
Sustainable Development, climate change was mentioned in a section referred to ‘protection of 
climate change’ and only in the context of mitigation where the National Coordinating Committee 
on Climate Change and Ozone is the main body dealing in such matter (Agrawala et al., 2004). 
This highlights the way climate change has been considered; mostly as ‘air pollution problem’.  
Looking deep at the approach taken to address the climate change, and specifically in 
coastal regions, it should integrate both adaptation and mitigation, and not only one of them. The 
strong correlation between mitigation and adaptation was very clear in the analysis, as both 
complete one another and help in reducing the vulnerability of coastal community. Adding to this, 
from financial point of view, the return on investment is much higher and guaranteed when both 
mitigation and adaptation are integrated. As it was clear in the literature, relying on mitigation 
measures only may reduce the impacts, however it will not prevent it. It will occur if no special 
adaptation measures are taken. 
The Egyptian National Strategy for Adaptation to Climate Change stated; “Changing the 
land use, integrated coastal zone management, and proactive planning for protecting coastal zones” 
(Arab Republic of Egypt, 2015) are essential for adaptation policies. Still the ICZM not effectively 
implementing its role though it was established 1996. Moreover, as found in the literature changing 
the land use is easier and cost less when it comes to developing new lands, which is not the case 
of Alexandria and the Delta regions. The strategy did not refer to any incentives for those who will 
be negatively affected when losing their lands and properties. Until now, there is no announced 
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action plan for the current strategy. In addition, there is no study or strategy that has been 
undertaken to face the impacts of climate change on coastal cities in Egypt, in term of buildings 
and infrastructure. Most of the work that have done is generic and based on other references that 
have completely different context which may not match the local context here, specially that we 
are addressing climate change which differs from one region to another.  
8.6 THE ROLE OF PUBLIC IN ADDRESSING CLIMATE CHANGE  
 
Participation is a necessary as it ensures sustainable development. Reference to the 
literature, participatory model where those who are affected by climatic impacts such as; residents, 
property owners, and other stakeholders who can provide guidance, practices or support in 
establishing policies. The participatory model, is an effective tool to raise awareness and updates, 
engage the people in decision making and raising the sense of responsibility to be proactive 
towards the problem and therefore be committed to be part of the solution. The analysis shows 
residents believe that they should be presenting climate change problems that affect their 
community to law makers and government representatives. While being excluded from the 
decision making and planning, the residents feel that they are not aware of many things and in 
return they are not prepared to face any climatic threats like SLR and floods. 
Moreover, the questionnaire explored the willingness of residents to contribute financially 
to retrofit their buildings and establish mandatory flooding insurance in order to protect their 
buildings and city’s infrastructure. Normally, this insurance value reflects the maintenance. Under 
the current levels of high unemployment rate among youth, new jobs in the area of maintenance 
can be provided.  
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CHAPTER 9: CONCLUSION AND RECOMMENDATIONS 
 
Climate change is no longer a myth or subject for debate but rather a subject to action. As 
presented and analyzed in this study there are several evidence of the negative impacts of climate 
change on coastal cities. Unfortunately, very little attention is given to climate change and the 
integration between adaptation and mitigation in Egypt. The built environment, and mainly 
buildings and the infrastructure, limited resources have been put into maintenance and protection, 
and not enough has been directed to upgrade and adapt the existing ones to climatic changes. 
Having a design guideline will offer the engineers and architects who are involved in the building 
industry the opportunity to use sustainable principles for building designs that can face impacts of 
climate change and extreme events, also it will support in filling the gaps of Egypt Climate Change 
Strategy. 
Based on in depth literature, and the analysis, Table 9.1 provides a primary 
recommendation for the design guideline, which needs to be examined in future research work. 
This primary design guide for buildings and built environment in coastal cities. 
Table 9.1 Conceptual Design Guideline for Buildings and Built Environment Considerations for 
Alexandria 
Parameter Method 
Site Selection 
and Analysis 
 New project development should consider climate risk and improve 
selections strategies to minimize risks 
 Soil stabilization measures (buffer zones) to reduce risks and impacts 
 Considering set back line to be 300-400m instead of 200m 
 Avoid building in storm surges, and areas at high risk of SLR 
Building 
Accessibility 
 Providing accessible means that allow building’s occupants to safely 
move in and out of the building in normal and emergency situations 
Material 
Selection 
 Adopting well designed insulation material for roof to control 
conductive gains and losses (reflective surface, high albedo roofing, 
green roofs). 
 Using building materials that survive getting wet and dry without 
damage or mold growth such as; 
- Floor: Concrete (bare or coated), floorboards, concrete or 
clay tile 
- Walls: Fibre cement, concrete blocks, PVC bricks 
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- Interior walls: Concrete blocks, fiber cement, treated timber 
Water 
Efficiency 
 Rain water harvesting (storage tanks, ponds, cisterns) which can be 
later used in landscaping. 
 Design and develop wastewater management and graywater systems  
 Install sewage backflow preventer to flow out wastewater in one 
direction and avoid reversing the flow. 
Energy 
Efficiency 
 Reduce energy consumption and emissions by using passive strategies 
in the design (high performance glazing, exterior shading devices). 
This will reduce solar heat gain and improve daylight quality in the 
buildings which reduces the peak electrical demand and annual cooling 
requirement.  
 Moving to renewables other than non-renewables; for instance; relying 
on solar water heaters for water warming rather than relying on 
electricity.  
External and 
Internal 
Layout Space 
 External Layout: 
- Retention ponds to be designed and considering future 
climate change (increase of quantity and frequency of 
precipitation) to reduce runoff from the site. 
 Indoor Environmental Quality: 
- Improving the indoor environmental quality through using 
adaptive technologies (off grid system) 
- Ventilation can be improved through cross ventilation in 
design 
- Considering thermal comfort design and practices 
Other Design 
Considerations 
and safety 
measurements 
 Emergency management plan has to be considered; i.e.: flood 
management plan 
 During emergency and extreme events, area of refuge has to occupy 
people with disabilities, infants and children, and those who cannot 
support themselves to reach to safe place till external help. 
 Apply power back up for energy generation during power outage in 
extreme events. This can be generated by renewables. 
 Since most of the buildings in Alexandria rely on elevators, backup 
power system has to be considered in order not to have anyone trapped 
during electricity cut off. Also, elevator machinery has to be located 
above flood level to prevent any damages, and the elevator tower have 
to be sealed in order not to prevent water to contaminate with 
hydraulic fluid. 
 Installing sprinkler system 
 For existence buildings with high value such as; historical ones, it is 
better to elevate the first floor and find innovative solutions to harden 
the foundation (Scour resistant foundation). 
 For new buildings that are located in areas in medium risk, and have to 
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be constructed, housing design and types have to be selected based on 
the climate risk. In the case of Alexandria, and since SLR is a major 
threat, so elevating first floor has to be considered. 
 Adding capacity to the current drainage network 
 
Following the discussions on the research’s subject and based on the findings, there are 
significant areas couldn’t be covered within the scope of this study which are highly recommended 
for further research. These recommendations are: 
 RECOMMENDATIONS FOR ENGINEERS AND ARCHITECTS  
1) Support in establishing contextualized design guideline that consider 
climate change impacts on buildings in coastal cities. 
2) Improve technical capacity and knowledge by learning from external 
experts the techniques and tools which can support in facing these threats.  
3) Develop new design practices and techniques in constructing new buildings 
in coastal cities.  
4) Apply updated retrofitting practices for high value buildings that may suffer 
from damages due to climatic changes.  
5) Applying passive designs in projects. 
6) Use advance energy and environmental models in the design phase to 
priorities adaptive strategies  
 RECOMMENDATIONS FOR POLICY MAKERS 
1) Integrated framework between ministers has to be activated in order to 
address climate change challenges in all sectors. All parties have to be engaged 
from the initial study till the implementation phase.  
2) Broadcasting interviews and publish articles with government officers and 
academicians to raise awareness about climate change   
3) Encourage effective participatory model between the government, climate 
change experts, academicians and professionals.  
4) Provide accurate, transparent and updated data about climatic threats in the 
coastal cities 
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5) Assess and evaluate coastal risks taking into account the sea level rise 
planning benchmarks 
6) Minimize the exposure of development to coastal risks  
7) Update the current national building codes and consider climatic changes 
within, also specify special practices and tools for coastal areas.  
8) Encourage retrofitting the buildings which are in safe areas, and either 
demolish, lift or move the buildings at risk. 
9) Encourage the contracting companies and investors to invest in shifting the 
current infrastructure to greener one that can adapt to this change. 
10) Adoption of good storm water and wastewater management practices and 
encourage their reuse. 
11) Early warning systems and other preventive strategies have to be developed 
and activated. Also, these systems have to be monitored and evaluated to measure 
their effectiveness. 
12) Strengthen the efficiency of dams and bridges and accessibility of roads 
during floods. 
13)  Long term adaptive strategies for SLR have to be considered, beside 
accessing the costs and benefits of intervention options. 
14)  Encourage the integration between mitigation and adaptation practices 
when addressing climate change  
15)  To fund climate change information, awareness campaigns and study 
activities 
16)  Encourage the flood insurance for buildings in coastal zones. 
 RECOMMENDATIONS FOR ACADEMIC SOCIETY 
1) Update curriculum to be more relevant to today’s challenges 
2) Encourage the study about climate change current and projected impact in 
each region (context) and sector.  
3) Studies on lands that may be affected by climate change have to be explored 
and provide information about its economic value and loss.  
4) Studies about infrastructure vulnerability to sea level rise should be 
undertaken.  
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5) Encourage the researchers to develop durable materials for buildings that 
consider future climate change. 
6) Conduct detailed studies on the effectiveness of proposed adaptation 
measures in order to assess destructive factors. 
7) Studies of the current status of communities at high risk coastal zones, their 
level of knowledge, and ability to cope.  
8) Identify the best programs and methods needed to support different 
stakeholders in adapting to climatic threats through multi-stakeholder approach.  
9) Establish proper observation systems, monitoring techniques and 
geographic data bases of key indicators on SLR and floods to support decision 
makers 
10) Further research on new coastal cities like; New Alamein in terms of 
vulnerability, city’s resilience towards the impacts of climate change in its 
infrastructure and buildings. 
11) Further research on the financial losses resulting from the impacts of climate 
change on coastal buildings. 
 RECOMMENDATIONS FOR NGOS AND INTERNATIONAL 
DEVELOPMENT ENTITIES 
1) Support the government in raising awareness among locals regarding 
climate change and how to deal with extreme events. 
2) Spread the concept of green development, minimizing the use of energy and 
replacing non renewables with renewables, and waste management. 
3) Spread awareness among residents about the dangerous of illegal buildings 
in high risk coastal areas. 
4) Capacity development of vulnerable communities at high risk, in order to 
participate in the development and implementation of national policies in the field 
of adaptation and risk reduction. 
5) International funds are needed to help in capacity building and technology 
transfer for adaption, protection and measurements. 
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APPENDIX B: ENGINEERS AND ARCHITECTS 
QUESTIONNAIRE 
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APPENDIX C: INTERVIEW QUESTIONS 
 
1) What is your perception on the environmental debate and its impact on the cities’ 
development? 
2) Do you think climate change is a key environmental threat in Egypt? 
3) In your opinion, what are the main sources that contribute to this natural phenomenon? 
4) In your opinion, what are the threats climate change may have on buildings that can 
affect city`s sustainability? 
5) What are the measures that have been adopted by the government to deal with climate 
change? 
6) What are the main objectives of the strategic framework and what is the time frame to 
achieve these objectives? 
7) Who is leading the government action and what are the implications for coordination if 
any? 
8) Would you please explain the role of your organization in this framework? And how can 
your organization help in this framework? 
9) Would you share the adaptation and mitigation policies set to respond to climate change 
impacts? 
10) How does your organization deal with climate change in terms of policies and actions?  
11) From your own point of the view, what are the main strengths and weaknesses associated 
with the current framework (policies and practice)? 
12) In your opinion, how these weaknesses should be handled? In other words, what should 
to be done to achieve resilient city that are facing climatic threats like Sea Level Rise (SLR)?  
13) Do you think the built environment professionals have adequate knowledge and 
information on climate change and buildings? 
14) What is your suggestion on ways to increase awareness and knowledge of climate change 
to the built environment among professionals?  
15) Based on your experience, what are the sustainable design criteria and/ or climatic 
parameters relevant to coastal zone of Egypt? 
16) In your point of view, would a design guide for residential buildings in coastal zone be an 
effective tool to produce sustainable buildings? Please explain with reasons. 
17) Do you think individual designers and professional bodies would adopt or use such 
design guide? In your opinion, what are the prospects and challenges? 
18) What are the additional advice or comments that you can share regarding this issue? 
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APPENDIX D: INVITATION LETTER  
 
Dear (Name of Participant),  
 
Greetings. 
 
My name is Hend Ismail, and I am a graduate student studying Sustainable Development 
at the American University in Cairo. As part of my MSc. Thesis work, I am required to undertake 
a research study on the climate change implications on the city`s buildings and sustainability. The 
research aims to develop a framework and guideline that assist architects and engineers in 
designing sustainable residential buildings while considering climatic challenges at local level. In 
addition, provide policy makers with insight that reinforce Climate Change Strategy for the 
Building sector in Egypt. 
 
Being a potential participant with a solid experience that can add great value to my 
research. This interview shall generate information that would help in establishing this framework 
and come up with list of recommendations. I am administering questionnaires surveys and 
conducting structured and semi structured interviews in line with my study to enable me gauge 
your perceptions and to understand your views on the subject area of my research. The information 
being sought would form part of my thesis, which would be read by academic staff at the university 
and an external examiner.  
 
I hope you will consider participating. I am happy to answer initial questions, big or small, 
that are not covered in this formal email. If you were to decide that would like to participate, 
participation would include the following:  
 
 I will provide you the questions at least two days prior to our interview. 
 You will be able to opt out at any time due to any reason.  
 The interview will be audio recorded and no longer than 2 hours and not less than 
1 hour.  
 A model release should be signed. If for any reason, you do not want to mention 
your real name. You can instead write your initials (First letter of your first and 
last names) 
 
   Thank you kindly for considering. If you are interested in participating, please respond 
to this email and I will organize a time that is convenient for you. Please kindly respond to this 
email by March 10th, 2017.  
 
Regards,  
Hend Ismail  
Center for Sustainable Development 
The American University in Cairo 
Egypt 
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APPENDIX E: INTERVIEWEE CONSENT FORM – ENGLISH  
 
 
Documentation of Informed Consent for Participation in Research Study 
 
Project Title: [Climate change and its implications on construction: A case study of the city of 
Alexandria.] 
 
Principal Investigator: [Hend Raafat Mohamed Reifat Ismail] 
 
*You are being asked to participate in a research study. The purpose of the research is [to 
develop a framework and guideline that assist architects and engineers in designing sustainable 
residential buildings while considering climatic challenges at local level. In addition, provide 
policy makers with insight that reinforce Climate Change Strategy for the Building sector in 
Egypt. The research addresses new residential buildings in Egypt in the coastal city of 
Alexandria as its one of the global coastal cities at high risk due to the Sea Level Rise resulting 
from the climate change], and the findings may be [both published and presented]. The expected 
duration of your participation is [2 hours]. 
 
The procedures of the research will be as follows [The approach will involve a literature review, 
interviews, questionnaires and field observation. I will conduct site visits or physical inspections 
of the selected case study, and interview different stakeholders and experts].  
*There [will not be] certain risks or discomforts associated with this research.  
*There [will not be direct] benefits to you from this research. But sharing information about the 
impacts of climate change on coastal cities and its built environment will aware and equip the 
architects and engineers with the know-how and make them consider the effect of natural 
phenomenon on buildings. Moreover, the research will assist the policy makers to adopt and 
implement climate change policies to save coastal cities in Egypt.  
*The information you provide for purposes of this research [is confidential].  
"Questions about the research and my rights should be directed to (Hend Raafat Ismail)  
 
*Participation in this study is voluntary. Refusal to participate will involve no penalty or loss of 
benefits to which you are otherwise entitled. You may discontinue participation at any time 
without penalty or the loss of benefits to which you are otherwise entitled. 
Signature   ________________________________________ 
Printed Name   ________________________________________ 
Date   ________________________________________ 
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 CIBARA - MROF TNESNOC EEWEIVRETNI :F XIDNEPPA
 
 
  
  دراسة بحثية للمشاركة في مسبقة استمارة موافقة
 
 
 (تغير المناخ وآثاره على البناء: دراسة عن مدينة الإسكندرية) عنوان البحث :
 
 ت اسماعيل, خبير مشروعات بمركز التنمية المستدامة بالجامعة الامريكية) الباحث الرئيسي: ( هند رأفت محمد رع
 ude.tpygecua@liamsi.dnehالبريد الالكتروني: 
 554440511102+الهاتف: 
 
 عن ( التغيير المناخي و اثره علي المدن الساحلية )انت مدعو للمشاركة فى دراسة بحثية 
 
د المهندسين المعماريين والمهندسين في تصميم المباني السكنية المستدامة مع وضع إطار توجيهي يساعهو (هدف الدراسة  
مراعاة التحديات المناخية على المستوى المحلي. وبالإضافة إلى ذلك، هذه الدراسة تتيح للساسة و المسئوليين توصيات تعزز 
ية الجديدة في مصر في مدينة الاسكندرية الساحلية استراتيجية تغير المناخ لقطاع البناء في مصر. ويتناول البحث المباني السكن
 و التي تعتبر واحدة من المدن الساحلية العالمية في خطر كبير بسبب ارتفاع مستوى البحر الناجم عن تغير المناخ)
 
 نتائج البحث ستنشر فى (دوريه متخصصه أو مؤتمر علمي أو ربما كليهما).  
 ث ( ساعتان)المدة المتوقعة للمشاركة فى هذا البح
 
 لدراسات ميدانية زيارات تجري وسوف . والمقابلات الميدانية الملاحظات ، الأدبيات تشتمل على (مراجعةاجراءات الدراسة 
 (والخبراء المصلحة أصحاب مع مقابلات إجراء و ، المختارة الحالات
 
 المخاطر المتوقعة من المشاركة فى هذه الدراسة ( لا يوجد) 
 
حول آثار تغير المناخ على المدن الساحلية  المعلومات تبادل من المشاركة في البحث:( لا توجد فوائد).ولكنمتوقعة الاستفادة ال
سوف يقوم بنشر الوعي لخطورة الموقف و العواقب المترتبة عليه مما يساهم في  اعداد المهندسين المعماريين والمدنيين 
سوف يساعد واضعي السياسات على اعتماد وتنفيذ سياسات تغير المناخ لإنقاذ  لمواجهة هذه التحديات. علاوة على ذلك البحث
 المدن الساحلية في مصر.
 
 السرية واحترام الخصوصية: المعلومات التى ستدلى بها فى هذا البحث سوف تكون ( سرية )
 ل)"هند رأفت اسماعي) الى توجه ان يجب المشاركين حقوق أو الدراسة بهذه متعلقة أسئلة " أي
مزايا  أى فقدان أو عقوبات أى لايتضمن المشاركة عن الامتناع أن حيث ,تطوعى عمل الا ماهى الدراسة هذه فى المشاركة ان
 .المزايا لهذه فقدان أو عقوبة دون من وقت أى فى المشاركة عن التوقف أيضا ويمكنك .لك تحق
 
 ............الامضاء: ..............................................
 
 اسم المشارك : ...................................................
 
 التاريخ :........./................/..........
 
